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* The editors of this review have focused on four 
purposes: (1) to portray the state of knowledge in science eilOca 
(2) to describe any existing trends, (3) to identify, areas which 
to be researched, and (4) to provide tentative answers to 
problems, if dny seem to emerge'^ from the resell rch. Research s 
reviewed have "been divided, into the -main categories of learji' 
education, characteristics and behaviors of teachers; values 
■philosophy; and surveys. Also, an index , and bibliography ar/fe pro 
in order that the re'adeir may make easy reference to' the' 30/ rese 
studies listed. '(CP)* 
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PUBLISHER'S NOTE 
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' audience under^he direction of Editor N.E. Bingham. As a resuU of the sponswship of 
The Association for the Education of Teachers in Science (AETS), a^ncw section, "Science 
Teacher Education," has been ad^ed to the Ipurnal. 

The publisher welcomes* inquiries regarding subscriptions td this' yefereed inter- 
national journal of researched practices; issues and trends in science instruction, learning, 
and preparation of science teachers. . \ - ^ . 
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A Summary of Researcli ^ 
rn Science Education — 1 973^, , 

MARY BUDD ROWE and LINDA DeTURE ' v 
tlniversit^fjFlorida ; v f ^. ' 

Gainesville, morida 32511 \ ' - | 



Introduction 

^ • ■ . ■ , ■ 

ihirposes Served by tlie Review •. , 

In preparing this review we tried to thjnk of what u^s .reade,rfe 
might wish t A make of it. We identified four purposes the review might 
serve.' \ r ^ . . 

\ ■ '\ I . ■• ■ 

1. .It should p6^ttray the (state of knowledge in science- 

\educatiotl. " ^ ^ ^ 

' 2. It should describe any existing trends. / o 

3. It should identify areas wl^ich.need to be researched. 

4. It should provide tentative answers to persistent ^ 
problems, if any seem^to emerge from the research. 

With the bibliography and index, which is provided this year fo|g^ 
the first time, a reader can locate^ all the studies that'relate to an 
area of interest^!;© him. If the orgaiffzation we chose does pot meet 
the needs of /a particular reader, Jie can resort to making his owp with, 
* the aid of the indexes . * 

' ^ i> . • 

Organization 

The organization we chose is empirically derived. It t^es its 
form from the studies wil^h which we had,tjb d^. We begin with leam- 

research as the base. From this we ptoceed to educational objec- 
tives and what they are supposed to^accomp^lish. The tie betwe^a^vancc 
organizers^jjkd objectives seemed to us obvious but the connectionwas 
not so apparent to the ^eSple who did these investigations. Next .we 
consider various modes for presenting information to people. ' Here 
operate on the thesis that people exhil^jlt differed patterns of apti- 
tudes*. These patterns imply tha^a given treatment or mode of instruc- 
tion will not be equally suitable^frfr all people. People will be 
differentially sensitive to information presente'd in audio or visual . 
modes, for example, or* in self-paced as opposed to fixed-paced instruc- 
tion. More investigato~rs are doing the kind of aptitude-treatment ^ 
interaction studies that will allow us to identify which treatments are 
appropriate for which students. 
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' . Ouly one subject has been^ singled out f«6r spe&lai consideration, 
phViBicst The persistent decline in enrollment' prompted us to put ^1* 
of the physics-^related' research in one bundle to see whether it. yielded 
any helpful?, information / , * * . 

Ittrthe reajm of ^teather education jChere was a ^reat deal of -atten- 
tion glv^n to the impact of ^^raTining on attitudes but considerably les^ 
effort went into finding- out whether the changed attitudes resulted in 
/changed teaching patterns, interaction studies cont^^nue to.be produced 
•with variables such as pacing and Questioning as a focus. Some work has 
gone into study of teacher ^md student perception^ of each other , as 
well^ as the purposes to be met; through their joint laimersion in science. 
Every year there are a few^ studies that describe«^tl^ personality char- 
acteristics of some* group of science teachers but tjie meanjjag or use- 
. fulness of , J:his infarmation receives little considjeration^ No one has 
let us in on why any particular combination of characteristics is 
especially usetul or worthwhile' in science, education. 

^ j ^Probably the research on handicappfed children and their response 
to^|^cience has the most*cl4ar Implications for practice. <^fLTly and 
extensive exp'osure to an actlvity^based science -program appears to be 
'especially useful for both physically and socially hiyidlcapped children.. 
.These are the groups whiiih? seem to gain most benefit from early exposure 
to an activity- oriented sciei^ program but thfese are als^^the grdups 
which rarejly receivers cience fpstruct±<qh. ' ^ 
' ^ *■ ' . , . ■ . . • 

The largest bddy of research revolves around audio-tutorial oy 
self-paced instru^ction/ Some investigators sp6ke of individualized 
instruction but their programs were 'only self-paced i If a progtam is , 
individualized, it is not only self -paced, ±t maikes the materials avail- 
able in more thMi one presentation format. From the research in this 
arei^ we learn that students procrastinate; that a diet of all one kind 
of presentation produces e^ijicational indigestion; that students learn 
more and suffer less from pirocrastinatilon if the information occurs in 
short or brief rather than lengthy unios.^ Frequent short tests rather 
than few long tests spaced at longer intervals produce better achieve- 
ment, especially for mld^ile and low ability students. 

We found only three studiei^ that deadt with philosophy and values 
in scientific inqul^^. 

Only those surveys whlqh have at le^tft a quasi-experimental 
character to them or surveyed a large segment of the population are 
reviewed. The %^st may serve specific local interests but appeared to 
contribute little to general knowledge or understarfdiing about education 
in science. » 



Choice of Studies and Methods for^Their Review ' 

We had access to about 350, abstracts of dissertations and journal 
articles.'' In more th&n4ralf the cases we found the. abstracts inadequate 
for our purposes. It may be useful to people who plaii to publish re- 
search to see the kind ofv questions we wanted answered in an abstract. 



1; What are the Independent variable si 

2. What ark the dependent or outcofme variables? 



3/ How 'ate the .variables meafeured?v 
^ \ U. Who are the subjects of the study? 
/■ a 5. IvWhat statistical, procedure^ are "employed? 
6. Wha? are the maii^ fi'hdings? * 

We regarded answers to these its the minlntuk itif ormationtneces^ary 
to m^e a Judgment about a paper. Many abstracts failed to supply this 
minimum i,nf ormatioii In,>4^je case of Journal articles we retod the^pticle. 
This' was not practical to d&^for the dissertations. The^lAter ^re 
assessed solely on the basis \)f the abstract. A ^ ' 

We have one other suggestion or cofmment to make conc^jijing tests 
of signifiicance and co3ts of a treatment. A gtatistically significant 
outcome may noth'^a functionally significant outcome. Most investi- 
gators failed cS^say how mt^iirfference between treatment groups would 
be enough to make a treatment worthwhile. More attention should be^^ 
given to the power of a test of differences. An alarmii^ly large number 
iof people referred to the results of a jstudy as positive, i.e.,>in the' 
expected or desired direction, buf non^signif icant . If a rfesult is not 
\^ignif leant, one caimot say anything B^eahlngful about the direction of 
the difSrence. Thp inference i« thati if the sample were larger, things 
would surely tiim out in tlie directida the -investigator expected. That^ 
notion is erroneous and ought to lale discouraged both because it is bad 
statistically and because if the di'fference means is small but sig- 
nificant we still mast ask, "Is the difference tunctionally significant? 
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Other Reviews and-rSummaries ^ 

' Wall (295)* reviewed 58 studies in astronomy education. Knight 
(141) surveyed all the^ dissertations in stl^nce and mathematics in 
Vol. 31 of Dissertation Abstracts . " ' \ ' \ 

Tish^r (277) edJLt^id a monograph that contains 10 articles presented' 
at the Third Aanual .Conference of the Australian Science Education 
Research ^AssQCJw ion. , ^ . 

Balzer et al (23) did a review of research on teacher behavior as 
it relates to science education^ It wag published as the first Yearbook 
of the Association for the Education of Teachers of Science (AET§) . 
Section one discusses instruments and their development. Section two 
4escribes research^n^eaching published in the period from 1960-1971. 
The third section gives sgme perspective to -the science research through 
discussion of teacher behavior -studies in other fields. They conclude 
that teachers domlnati?' classroom talk and students seldom initiate it. 

5 We also want to call attention to ^Report 7, on Science, in. the 
National Assessment of Educational Progress (196)^ This report is 
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baded on the. 1969-70 survey designed to measure scientific knowledge o*f 
, children and adulta. Blacks performed betwtf4ri 11.8 and 15.8 percenti^ ' 
below the niitional average at all ,four age '^levels te8te4 (9, 13, 1^, 
26-35)/ With adjustments for various background variables the residual 
disadvantages fell ^o 7.7 percent. Blacks p^erfor^ed best on those . 
science exercises which depend mostly upon dally ^erience and commoji— — 
knbwledge.(-and poorest on thos.e which involved a* det^iched je^tearctTatti- 
tujde toward objects and phenomena. InterpretatioT:i8--or ^Ke National ; 
Assessment'* findings in science appeared^n Science and Children > Vol. 
11, No, 1, 19*73; th.e Science Teacher . Vol, 40, No. 6, 1973;Yand the 
Journal of College Science Teaching . Vpl. 3', No. 1, 1973. Males per- 
formed better than did females. In^er city students showed a' large ' 
deficit* _ ^ ' . ^ . 

Comber and Keeves (55) gaVe \,an account of the conceptualization, 
execution, analysis and results of the InternatJonal science study 
s , which Involved 19 coiiixtrles. Brldgham (36) reported on the National, ; 

Longitudinal Study in Mathematics . h4 discussed 'the results' of attempts, 
to. correlate mathematics with achievement In science. / 

Strassenberg and ^ Paldy (264) summarized the main funding 'thrusts 
of; nine found a|ions Ibo that researchers in science education might have 
> a better Ide^ where to place proposals. The Carnegie Fouhdatioh sup- 
. ports reseinrch and development la early childhood, elementary and 

secondary and^ medical education, it seeks To promote advancement and 
, diffusion of knowledge. The*^ Danf ofth Foundation Is interested in 
furthering TOvelopment of people and* values. Exxon is , generous to 
scilentlsts and, while it gives support to chemical engineering. It has 
funded some small curriculum development activities The Kettering 
Foundation has supported IndlvldUjally guided education at eliementary 
and secondary left Is. .The Rockefeller Foundation has an international 
thrust. *Agriculnirej. food sciences, and other ventures ^meant to alle- 
* vlate hunger Are of Interest to this foundation. The Shell Companies 
J Founclatlon has supported snuill ventures In'liitoy areas of science^ edu- 

. cation. For basic research in science, the Alfred P. Sloan Foundation 
may be the best prospective sourqe of support. j 

• Mayer (177) discussed legal ramifications of the inclusion of 
evolution in the currlculumJt Soi^fB court cases and legislative bills 
have been filed to legalize the use ctf the creationist ^ view. , The law 
^ has not yet Seen acceded' to the religious conception. 



At th^ 1973 program of the National/ Association for Research in 
Science Teaching, Ralph T^ler' (284) presented his summary analysis of 
50 investigations completed in the period 196^-73 and compared these 
with Research completed during 1955-65 .^^«.E&«^ttally h^ts paper called 
for InqreliQing the practical application of science research and « 
curriculum in the lives of students. The ^ large number of unmotivated 
students was the chief pbject of Tyler's concern. He' maintained we 
need to fit the objects and ideas of salience into the studeijt^' world. 
He maintained that we need mor^ understanding of how to Joln^p out- ^ 
of-school experiences with In-school experience. Students' purposes," ^ 
habits, drives and means of achieving psychological equilibrium Te<]ulre * 
more sti|dy. . ^> 
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Wfe ,wouid cOTnnent that the kinds of questiOTS olie', asks depends 
. paitly upoi? the basic model of learning heltcc^pts. In contrast to the 
drive reduttion,-equilibr|tim'inpdel that TyleWuSes, Berta^-anf fyl -ftpe^s 
of dSilf berate initiation by organisms of dia^quilibrljjm - eurto^ity, 
thef search for novelty, escape for? boredom^l,Ttiis 4s what., Bert alanffy 
maintains we ouglit to research.. How can we uae .and nurture, these 
prttpensities? ' '^'^ 3 . y ^* ' . 

Learning ^ .. , . . ? 

•■ ■• • - • ■' " ■ ^ ■ ■ ■ ■ / \ '■■ -'v.. ■- - ■ 

Introduction t - . ' * 

Tn fhr 'nft?sT ^-^^Tr/CMftAr. 1jp2 Summary of Resftarch^in Scieiftt^e - 
Education, Joseph Novak cpmplai4d that too many researchers. w^^^ 
achievement or ledrnfir^riabies failed to connect.^eir work ^th . . • j|„ . . 
learning theor/f He noted tWt Since J.92qt most investigations whi^h^ , 
focused 'on tfie impact of different instructional^ regimes resulted in. no . . • 
-significant differences (ft^^). Such iij «l8o general|y^ the case for . 
•those 'reported in 1973. Jkit -^e canndtWirely agree td.th Novak's con- . 
tention tliat more steepiift in learning theory migjht result.in w>re 
Vroductive fiiidings. While we fully support- his feeling that some . 
fundamental paradigms, ought to underlie research (p. A), ^ f i^^?"^" . " 

selves more in accord ^th Sertalanffv, the systems.biologist, whose . . , 
iidictifent of psychqlbgical i^earch fias i^erit. He characterizes ^ ^ 
learning researdh as "ratified", that is,, concentrated until recently . . . ; 
orS de^i^ed models Which fall to reflect what is .unique about man- • . . : , 
.kind, namely his ability to manipulate ^ols, to create .maaning, '|o 
influence the Quality and charactfei*^^ his lif e , and ^o tie the p«st 
to the future. What proportion of psychological researchi Masks, „ 
, has been addressed to meaningful learning? He remarks that a large . 
part of modim psychology- .. . covert the trivlality>f Its results^ . _ 
•and ideas wl^h a preposterous language bearing ^''..'^^^^'^'^f ^^if" 
.to normal E^glist, or no?mal Scie^tif Ic^Theory;. .^^^^(^^^^^^ 
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^ ^ bur readers to decide for themselves/ 

I>anilBg studies Based on Theoiries j^heiP^an Wag^^^^ ^ V 

: - iith an application of Msiili^s theory of meaningful verbal : . 
- learning in mind, C. 1. Hall X97))*rfed' to determine whether tHe use . . 
' of exenifia^s in elemenU^ rei|fng mi^terial would Improve reading , 

comSeSenSZShe chose threlto^ct and provided bhree l-f « 
amplifibation for eftch\ How upullsuch fexemplars are depet^ds on wha| ^ 
• ^le;in"concepts #idreh^ .With a Cloze te«t .as crite^^^^^ 

. Hall found that no' consistent f^tt^fn^erged as^a result ofi tte^^ 

ment. In some instances mOder|te a^nnLifi^^ion helped in others it 
hindered. In individual intfeewa|. S^ll fop^^ children 

.■ :^''y"'' ■ i ■ ♦ 

' 1l. Bertalanf fy „ Bnhots. Men and Ml|ds , George Brazill^er,. New Yofk, 196Z . 

• V /ibid. ■. ■.. ■ ^ . • ■ , ■ . 

. • ■ • • . • ; . ' ' , ' • \ 
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in the study varied tremenSoiisly in the relevant ^'conceptual props th^y * 
alrej^y had, ^ . . ' ' , / 

" . ' ■ . . ' * ' • * .■ ■ * ' 

If diildren are subject 1:6 sSme kind of experimental £reatment, " 
then it behooves tne invesitij^tor who yants to understand why he got 
particular outcomes to know^Omething about rithe^ kipds of . aptt^^ which 
characterize the people in thid sample. UJcens (285), who diS a study 
of achievement 'in an elementary science program, the ConcepfuaHy 
•OriepLte4 Program in Eiem^ntary Science (COPES) , based his design og^ 
. Guilfqi^d's structure of /ifitmect theory •'^ Be attempted to find out j 
*^ch abilities or aptitudes^ere particularly relate/i to pupil *a«;hieve-* % 
ment in the COPESJlech^icalvEnergy Sequence.;, With scores on 17 sWiected 
abilities for th^^^ixth jfraders in his/atudy and results of pre 'and 
post-tests*' as data ,^ffee'na. performed. step-\d.se.multiple' regre^on oh 
the data with the post-test scored as the dependent variable / ^Conver- 
gent production of figural transformation^^' ■(CFT) aaid divergent produc- 
tion of semantic transf©pnati^>n (DST) p>/oVedLto be significant pri^ 
dictors of post-teB^^' scores^' ( ^^^^'^^^ • 



E. Keller (ISS^, x^s^d 'the same, desigfa" to examine wh^at abilities 
were selectively pp|gictii>e of succiess m thA4;jaEES^;:C6ns^ 
Energy Sequence, me set of abilities he fouhdj^^e gdpd predictors 
7 were coi^^gent plraduction of semanti<i relations ,(C§p , convergent ■ 
t producfciMi of^igural transf onrfations (CFT) divergent op reduction, o^ 
semantic transformations (DSTjl, cognitive semantic relations ■ (CogSR) ' 
and cognitive semantic clashes, Thus* for the two CdPE& units,, two 
''dbili^Jes'were dri^wn on in common: CFT and DST/ 

• .; ■ '■, ■ • ■ ' ^- . , ■", ■ , . ^- " i 

These two studies followed one by Sher^ in 1971 who got- similar 
rea6;|.t;s for a segment of: COPES^content. It is a litie of reaearcfc, ' 
spjjiSsored by PrqfesaorVPhilli]^ M^rrl^^ie^d at N^W York University, which 

to be taken up by other investigatory. Presumably different 
'^ferrici^la, and- even different units within a curritulumT draw on dif- --.^ 
^fi^ent combination? of aptitudes. .Alternate modes ^of presentation 



^^i^ii^yj be neces^^r^ for students whose aptitude ccPnfigurations. are not ^ 
T^origment'^wrtfi those that predict siibcess for that Unit^or curriculum. 
Tl|e ICorans (145) report Ifimilar findlihgs. They "^examined the inter- 
-lactlbh between a set of aptitude vaikabley and three differently 
structured advance, organizers in *^a programmed leamilng format. Their 
/ datacsuggest t;haft low ability students relyCtaore on , the provided or- 
/ ganizatij^n than dpj^ other ability groups • ' ' 

(^pg Moser (191^ and his students kt the 'University^of Pittsburgh 
* uhave be^n Examining 'l{ow information theory may be used to study hutaanN^ 
learning. The sequence of moves made by subjects in the course of ^ 
leamtol or problem solving are coni^dered to have Markov properties. 
In^a^J^ea^ of Moser 's seven-component Information Theoretic Model, 
Fazio^(76) presented electric ci;^cuit tasks to 243 college non-science 
majors. Predicted random moves to 'soluj:ion were compared with thej^ 
actual data generated by the Students. The residuals were, used to test 



^Abigail Sher, "Using Aptitude Measures as Predictors of Differential 
Achievement," Paper -presented at American Educational Research 3\ssoci- 
ation Convention, New York, February, 1971. 



twelve hypotheses concerning flhefioail. The procedure allows the in- 
vestigator to'detennine the degree. of structure in the Bear^ and this, 
Fazio fpund, preidicte succpM on. the tables. Training produced a change I 
toward more structure and, consequently, idore I^eatning. Fazio also 
examined 'conditions which increased the prbbability of transfer and 
found that a combination of exp&sure to more exemplar* plur-f^&ing - ^ 
incriaeed transfer'^of learning from opfc condition to another .-Pre- 
sumably the additional ferainiiig influences the structure variable, i.e. , 
tgaches a productive search pattern. ^. _ 

D. Kuhn (149) ^Iso was interested in the Impact of information 
density on problem solving of, female college-f r«shmen and 8dl>homore8 . 
Based" on Novak's cybernetic model, he identified three levels of > ♦ 
analytic ability by means of a pToblem solving test. -Then he attempted 
to relate information density anrf analytic ability to Information pro- . 
cessing output. In .contrast to the Hill study ^described earlier , all 
three gr<&ps benefited from the information buKAigh analyt^-cs benefited 
V^Smore^-i%aae'd" on Novak's model, Kuhn surmised that^iow analytic groups 
'■ may^hav'e' learned by rote ^d acquired fewer structures within which to 
incorporate information. V^' 

• . In passing', we might (»Uent on points that need tS be clarified 
concerning information density Technically it is not ju8t<more infor- 
mation per pkge .of instruction; something is information-rich according 
' to how many new ideas are introduced. The senior author once analyzed 
biology .texts intended for slow learners ^d-dis covered that the rout ioe^ 
way -to produce them was t V«no^e most oFthe examples meant to illus- ■ 
trate eaah concept. As a result the number of new concepts introduced 
.per page ;^as enormous. The procedure had produced an information-dense 
text whose difficulty Uvel TwaS greatly elevated. 

The Moper and Fifeio woflc suggests how orgaiii^tl^ imposed on a 
task by a, learner influences what is learned and how well it is re- 
tained! Me can^^also ask, as Gagnl has suggested, how structuring know- 
ledge on a topic intd; a learning hierarchy ^apes learning. Parker 

• (206) 'suggested- that, adults^' hierarchies. anJ childrens hierarchies 
might be s/ery. different. One-hundred sixth graders who were familiar 
^HiL Gertain-ti'sks di4 a task analysis to prS^^ce what seemed to them 
the natur&l sequepce 'of ideas. ./Parker compayed tlfae With an adult- 

f generated hierarchy ove:rthe same material, the Gagne hierarchy. 
Inotheif group dr=itaaents. then 'received instruction from either the 
children's hieraVy, the adult plan, or a' rdndomlzed sequence.- Neither 
on the immediate lost^test flor on t|,e. -delayed P^^'^-'^^'^/^^f . „ 

Lgnificant diffeVtial effect on learning. 'Q^re, as in.^ther studies, 
' esnecially where the material isinot especially complex, we can infer • 

■ that the leafier imposes his own .organization on ^he content It would 
haVe been a nice additional feature of this study ";,^'^^«>f . 
able to identify .attributes of those students who did well and those 
who did poorly in each treatment condi^iion. 

■ ° ' ... ■ ■ 

If special aptitudes or knowle'dge conditions peipformance in a^ 
Bive^ subject area, it behooves us to, know in what way. In genetics, 
' for example, probability and combinatorial concepts are central to an 
understanding of Various gerietic mode^ Emery (74) examined the 
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Statistical strategies employed by ^ §roup of high school biology . ^ 
stud^s confronfed with 'certain tasW that required pifedictiSn of t;e- 
latibn&hips or outcomes and identified three distinctive strategies/ ' 
She did not relate these strategies to performance in the genetics / ' 
•course, that is, she did not regard them as possibly differential 
facilitating abilities/ She did show that instruction in genetics :df<i 
not change either the probability or the combinatorial reasoning. We 
^uld encourage her to- do a post hoc analysis that would involve a 
^epwise multiple regression analysis with score^W. the genetics test 
as the dependent variable to determine ho^ much vari^ce in|Qutcome 
could be^^ccounted for by th^ probability strategies and coiibin&torial 
skills. * '-'-^ 



( • • Bahorik (21) alBO. took an interest in* improving the efficiency of 

* learning infgenetlcs. He based hi^ research -on Snyderis prototh^ory of] 
< ,in^^^ctlonal efficiency. He e:k|b 

needed by a teacher-student dyad li^lbye through^arioua 'sta^ \ ■'- 

:■ V problem.^ Bahorik also examined the .^f Sect pf two variables presumably 

^ related ''to efficient lea?niingt*nuirf^^^ information, items and amount 
of learning structure within the problem. H^ surmised 'that the -least 
r A^structure and the lowest number of information it.ems would produce the 

most efficient task group.:, Sixthrgraders (N « 120) were assigned to ^ 
.foiir task groups jrhlch were treated diffi^rently on the two variable^ \ 
described above.: In practice some groupfs g others did not. 

Smme groups were require4 to read sele'cted fnformation while others « 
■ groups had choices of what to read. The treatments failed to produce 

significant performance differences. However, Bahorik did cpnfirm 
Snyder's hypothesis that where the ratio of teacher ^tud6nt transactions 
^Ppioachefi 1, instructional efficiency approacheis a maximum. * 

c^Glarke <50) reported an attemfyt to^,:agRl3tsAu^^efl's Cognitive Field 
ITeaming Theo% to'evaluation-of ail 
jfect^ (ASEP). He^«>rewrrote a portion of the ASEP t^^ 
-and comparative organizers. The materials also were ranged to reflect 
" the theory in the progressive differentiation of this content and in the - 
integrative reconciliation of the jiarts. . Meanis for the reconstructed * 
ASEP unit were sl^ificahtly bet Je^ the standard format. 

In this istudy we<r8ee a cons clouai^St tempt to apply theory ♦to the improve- 
ment t)f a set^of . instructional materials followed by a test of the ' 
* theory. This is a kind of research which ought tp be encouraged. 

In a two-part study meant to test W^^et's theory ^of time sense ' 
development, Mori and Tadang (188, 189) exposed students of different 
ages to high and low speed motion pictures; In part I they reported 
how the film 'rate was <^^elated to the estimated time it took ^ojr. a body 
to fall. They, showed activities siich fis *bpe skipping, feap frogging * • 

and ball bouncing i They found that estimates of time were much mpr^e 
varied for kindergarten than for elementary children* Eleven year olds 
<?deviat^d more on slow films thian on fast but. generally showed little ' 
change from one |3jpe4 )to another. The investigators concluded^ t^iat ' 
accuracy of judgmenj/ depends on •age and experiences in visual *perception\.* 

■ ■ ■: ■ . - ■ . ■ , ^ " ' c. 'V 

In the second portion of thfe' study thdy. flashed two moving pictures 
on the screen simultaneously and examined how different combinations 6f 
speed inflyenced Judgments of distance and synchrony t Kindergarten 

' . - 

' v-^ ■ r V ■ . _ . • 
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children thought slow runners went .farther but elemeptary children 
rBcogi)[l*zed that they covered the same distance. 

^ In science experlinents where children must make comparisons hetween 
objects/bovlng at diffd^ent speeds (e,g., pendulums or cylinders' rolllfeg: 
down a ramp) , there may be a confounding of distance » duration and 
s^pchrbny..^ For example^ if two objects roll down a slope and one takes 
longer, young children ma:^ also think it vent farther. Concepts whose 
evolution hihgejB on. deyelopmerit of a stable time sense probably ought 
not to be introduced very early or if they are, some check shoxild be ; 
made of 'the status of studetit perception of , time. * 

:in an interesting study of the qiffects of generating hunches upon 
subsequent seai^ch activities in problem situations, Wilson (298) assigned 
each of 45 students, 9-11 year olds, to one o'f three groups. .Each group 
observed whajt^Wjas surmised to be a discrepant event or contradictory 
stimulus. Gtmfr;^}^jc^te hunches concernin^^^;fehe eaqTlanation . Group 2 
read f set of hunch^^.' Group 3 did nfeither of these tfhings. ^nen all 
'three "groups were a^ked to classify a set of*' procedures tor resolving 
the conflict and^spOres were^obtalned. Grpup 1.. which had to generatfe 
hunches, classified fewer procedures as useful^^spent more time In 
search, and gave higher quality solution^. There^were no differences 
between the group that read hupches aiid the control group which did 
nothing about hujiches .We may look at this study im the contexj; o6 * 
mediation theory '"^and ask^ whether the requirement to form hunche? acts 
liHe an pirganizer. Can we assume that simply readihg a ^et of : possible 
hunches either acts as a dlstractor^pr that their contend' is ignored 
just as instructional objectives often seem to be? * * 

Golshah (88) based her thvee-menth clinical stuc^^of one ,11 year 
old girl ^'s thought processes concernihg physical^- phenomena on deep I* 



structure field theory (d.s.f.) . The girl's thjpught proceafgei cou|^ ^ 
nO't be interpreted in terms of standard science paradigms concerning 
physical phenomena. She nevertheless exhibited '4 coh^ent, self- 
consistent and interwoven\ framework that governed her explanations. 
To examine the girl's d.s.f i Golshan developed a codMg laystem that ^ 
sorted the pteperties of objects and actions intio what^ she* called * 
cognitive" relational categories (c.r.c. 's),j .^ich cJtipi piat was found 
to apply to the protocols was examined to' s^%ow it fitted into deep 
structure'. Shfe found systematic regularities among the c.r. c.'s that 
lent support to the notion of an undergirding deep structure. This 
study follows the work of J. Easley who has maintained that a retiirrj? ^ 
to clinical analysis for the express purpose of determining how in- 
dividual deep structure functions in various disciplines will ultlmatielyi 
lead to presentation of content and forms of instruction more suited 1 
to the^ way children think at different stages of developm^t. 

■ . ■ ' '.■^•^y ■ ■ ' ,..f 

' , ■ ^ -^-^ ■. ^ . ■ . ■ 

In a fascinating study Jerry Horn (^5) investigated the relation- 
ships between achievement motlvatl^pn, information status and group* 
discussion arrangements to^ risk-taking behaviors in high school biology. 
He used the Extremity-Gonfidence pf^, Hypothesis Test and the Hisk-Taklng 
Verbal Observation Scale. Rlsk-Taklng is apparently a multidlmensljonar 
trait, tj^sually risk-taking by groups is ^ater^ than by the individuals 
in them. We call ^ttentlon to this study ^eciause it focuses on under- 
lying factors that tnay Influence the ways in which students respond to 



inquiry-based courses. These courd[e? place studeiit3 under the necessity 
/to make predictions and to five wltli uncertainty respecting the^ultimate 
correctness of their efforts at inq'i^ry* S4:udents diffeY; in their risk- 
taking propensities and* in their^ear^of being wrong. X^^^ 

Risk-taking seems to be :aEfected mostly by the amp](jrit of inf or- • ' 
*mation a person or group has concemfng the state of knowledge about 
the probl^. If a person believes that th§ answer is really not knowA, 
then risk-taking is higher than if he knows an accepted ejcplanation 
exists. Horn reported that the composition of the groups must be con^ 
sidered. He formed like-high, i^ke-low and Unlike groups, based oh the 
motivati'dn^€of5»^ Like groups, boib high and low motivation, took 
greatej^^^Ssks than did mlxe^J grpjfi]f^s,^ Groups usually ^ook more risks 
than individuals. • . ' - 

lefkowitz (158)'SOught to determine the relatioAship between a 
personality trait (dependence proneness)/and perfom^ce in a high 
school chemisjtry laboratory. He also tried 'grouping students on this 
variable and examining performance 6f groupjs in the? laboratory . There 
was a stnall but significant negative correlation between dependence ^ 
proneness and laboratory performance. Grou^ memberiship. was not a 
.significant variable. ^ Scores in ninth-year algebra! correlated more 
strongly with success ^than dd^mathematical aptitude the persQnality 
variable. This is another Study wliich would have Produced more, useful 
information had tlje investigator performed a regrdssion analysis. Then 
we would know how mUch variance on the outcome ijed^^ associated 
with each variable in the study. ^ ^ \j : ■:l'';^i;^,r\' . y ^ 

In a five-ypar study", Scott (237) found thatj' Students in an inquiYy 



type of program exhibited* more analytic modes on 
Style Test than did the comparison. groups 



the Siegel 'Cognitive 



''•Two studies in engineering education dfeserve some attention. Kh^n 
and D'Oyley (138) attempted to develop a battery for predicting success 
' in engineering. They reported that prior grades,, especially in physics 
ahd mathematics, made better predictors than^id verbal and mathematitis 
aptitude measures- There wa§ no indication iAi the report, of this study 
about the type of analyses which were perfo^d to reach, this con-^ 
clusibn. ^ -f^' ^ 

Hoyt and Muchinsky (116) examined experiences of engineering 
graduates to determine what contributed to their 'occupational success. 
Ten .oH-the-job factors were evaluated by the graduates; 1) scientific 
knoi/ledge, 2) engineerl^tig problem solving, ^^^^^^^^^ ""^^"^ 
siveness, S) interpersonal competence, 6) managerial skills, 7) written 
communication," 8) oral communipatidn, '9) precision,; 10) practical 
ludgmenji. Items 5, 6 and 10 were most highly rated both by -graduates . 
^d th^ supervisors. Supervisors also stressed brain and written 
^ communication skills. Engineering courses, according to the graduates, 
helped give them Competence on items 1, 2, 3, 9, and 10^. Other courses 
helped for items s', 7, .and* 8^ Extra curricular activities were not 
rated as helpful for any of t;he 10 categories. 

■ • . ' " ^ ■ ' ■ " ' ■ ■ ■ ' °' \ ■ ■ y 

' People "cdffer in their divergent thinking^- potential as\ measured, 
by the Torfance Test of Creative Thinking. Abraham (3) felt tbat the 



with differing .potent tall tthi^^ t^mi<^ t^^^t^ Vm^^;^^',^^,^,,,^ , 
and homiogeneousldlscu^sioii groupa bafje4 au'^Phnj t\><t>4;^'« ♦ t , 

vpoded\di8cu6sion8 with the Aachnex-GaUaghiPir tae0rac.&l^<*i* 
^ found t:hat the groups differed. Moreover, ?h«r» wft^ ^ .Uu:*t.^^ 4 » 
between gyj^u^ings and divergent tfiinking pat^tseiLai. i> , , * 

were favoffedv in homogeneous groups while high ^^,«.t 4.1^.^ 

favor in ||eterogeneoxis groups. 

o Cohen (51) compared the qu«atl©ntng p^Ui^ean of ^^r^.^*,:* tn- , 4 
and social studies teachera. He attempted ta r^Us* ^snm r^«f:>-< U;. J^l 
patterns to Qritical thinking scorea. Aa we tatigl^c rl^^^^ s.«4d ». ^a-' 
qu-eationing patterns had no effect vOq the si^Otreii^, jt» ^Qn^Vi . *:v 

teaqheta asked more questions ^him did non-»<u^ll«&";4&' ijtof . , 

Renne \et «1 (221) examined, the im0^f^^ch^^i^^m$^n ,r *l >r 
participation d^iring inquiry sesaiona* Wh'ati^?£]:x» '^Umi^^^ i? 
I.Q. in i regression procedure v<2ir« r«5«ov«<i> 'm^r o^rt. - 

pation made no difference. Generally ehio tita^Mii1?«it^'Ur t ^ 

in the study gained m6re from the dlaet*»at0ti:s timn/\X.l-nu^ ' ^. i'^^, 4:?^ 
subjects. ^ >, ^ . \ 

■ . ' ■ ' ■ ' ■ ' ' ; . . . ■ • ' 

Nelson (197) examined the cona.ciguenc^a c*^ p^fot>^ft^ ukwj 
insfructlon on science concept learning ol *i3ie;Ti fi^^<ifi^i?\ ? ♦ 
2^*x 2 X 2 factorial design'' (school X at rdfijg^ g?^*: fi^a K f^^ . it« 
the nop^probing treatment yielded bettor aei^ac2# xonrt^qi^ *i ' 

that achool differences ^ere biggat thah t^«>()ir.m?aifg 4i'i?P»ir»v;t ^^V#^ 
did not. feel the probing condl-tpion gpc a tisatly e^ii^^^' 
this on the use of Classroom Oboe n/4tl<>nat totOCcJ ^i^^ytr,cji* '^ru^^^ . 
that the two techniquea were distlngulnhal^la/ 

Counte^r intuitive events aro mdfat to {^tOwk^ ^ AC^^o^n ^ 
vide an incentive to resolve^ the conH tct^rfi4M^ c'r^ ■ "^m-' i ; - 
pres^ted demonstration-discuss^iqn leasona; ta "iicionf- ^s- n^;? *-yn ^t^h' Wt>^;=« * 
.students. He added to the exptlrimental ^exposuro *'#»{?ta^ 
:^^|ntuifive events and examined the effect ox^ k^v^tK^? ''*a t.-rht 
ail^eyement gain and -retention for the* exp«.r tm^^^rtt^?; $'i<^n'o v^* » 
. cantl^^v^greater than for the control group* 

" ♦ ^^^^^^ ' . ' ' ^ ^ .... I ' ■ ■ % 

FeedbiK^k on exchang»i^of Information b«?cvocsn t^^^ Nas ^ i^jro^* t 

Y '^T^ take many N^Mfcs . ^ . One of. them is homev^prk* kUUai:t^»' i 
* collect^ and cd^ected the homework of om t!itM:-hi^l ■ a-l a * 

and simply ^^collectSSi^he homework of thc^.,t^th<^t . /^it" ^-^-ti ^ w * 
were no significant dj&gierencoa be twi'icin g^r^^^^^ ^^^5^ v*^ 5 ♦ 

variables confounded and^^^e cone lua ion ro<4» licU hff Jin v-*^ 
s t ud en t s do no t know how t o^iia e f eed bac k ma^ f w^^* e 45$ ^ 3 , 1 

In a stud^ of the ef f ectivi^^^sa of fOTOc^f A*^^ av*: t Jt- (^ sr ' ^ 
ation dctivitiea>, 5!iel (^^79) foundN:hat whon ^^^^'^ * ^a^i.t t 

performed poorly, they benefited mo*^ f rota an ^l^'of^t^i'^ ^^sj ^ ^i^- & «. 
of the content than 5;rom additional pract it* c >? *j2 i.rt3 ?^ - 

* was important to thie production of 'bettor atui'^^nc « v 



Hadsted (100) compared the eflects of student assemhiy^/Of orbital W 
liDdel/ in CHEM study with the results when teachers lectu/ed and demon- 
str^d assembly / Th^e active conditioii won. Halsted asjced the students 
to/fext^ress their feelings about which mode^of instruction they ^px^f erred. 
S^enty-eight percent oV control groujp wQuld have preferred to con- 
struct their own models rather than to have the teacher demonstrate. 

^Studies by Murray (195) .an^ -Power (215) 'were also reviewed • 

• - . /: ■ *' ■ • . ^ 

PiagetiSn-Based Studies ' ^ ■ ^ J 

Using Piaget-type tasks,* Kavanaugh (i32> tested the validity of a 
proposed hierarchy through which children must pass in order to Under- 
stand the concepts of speed. One-hUndred and eight students in ^rad^s 
six, seven, and eight tried^five tasks: 1) speed ofv^circular movement 
with concentric/circles, 2) circular path of objects fixed to a rod, 
3) conservation of uniform speed, 4) speed of ^movement in puccession, 
and-S) unifor6ily acceler^^ted n^ptidn. He used a scalogram analysis tech- 
nique to te^t for the existence, of the proposed hierarchy* The*pre- * 
dieted ord,er based «n Piag^t's work was 1, 2, ^3, 4, and l\ The observed 
order was^l,* 2^ .4, -5, and 3. l.Q- was also rfelate^ to perfarmadce. , 
^ Slxty-se^^ percent of the damiple could not complete the tasks .. The 
stage of formal operations among this sample of students was later than 
the 10 to 15 years of age proposed by Piaget. ^ 

.* .- . ' - '■ ' - \ ' ' " . " ■ ■ 

■ Sandra C^eman (53) worked with the other end of the age. spectrum 
to, determine Whether aging produces a decline in cognitive functioning-. 
Is' there, a retrogression in cognitive functioning as indicated by three 
tasks measuring conservation of mass , ^logical inference and combinatorial 
operations? The women in the study ragged in age from 2Q to S4 years . 
She reported a downward trend toward pre-op.erational thiiiklng with in- 
creasing age. The mean# f or the test of logical reasoning were- Ipw for- 
all gfoups, with more than 50 percent of the younger group functioning 
at the concrete, operations ^Levtel. Of course, in a^study of this _kind^ - 
we cannot separate age effects per, se from early educational differences. 

Thlel (272) took groups of children wli6 were.ac the coiffcrete 
operation level and examined the. factors that affected the way in which 
they made predictions. He found that children made predictions more 
easily using ^ tlassification rule -than ia seritttipn rule. Children 
in grades three through five experienced difficulty in coordinating 
multiple dimensions. _ These factors, Thlel rep(J|rted, affected the child < 
ability to make appropriate predictions. > , 

Students "working with Professor John Renner at the University of 
Oklahoma have for several years worked on the relationship between ^ 
.Piaget's developmental levels and, performance in science. In this 
tradition, Lawson (154) administered Piagetian tasks to 51 biology, 5^ 
chemistry, and 33 physics students in an Oklahoma h.igh school-i ^He used 
scores on the tasks in a step-wise semi-partial regression pfocedure^to.. 
predict success oti examinations. He found Conservation ofiVolume and • 
Separation of Variables to be the best predictors of success. Subjects 
categorized as. concrete operational demonstrated no understanding of 
formal concepts^ Lawson concluded that a, substantial ^^g^*"* °^ 



: sect^ncfery schopl scienc^^'subj^at matte^^ re^^ largely abstract or 
formal levels of; operation but a significant portion of tjie students 
still were operating largely at the concrete operational' l^iyrel. 

* V Raven (2175 has develpped^ii;.^test for measuring logical operations 
as. postulated «by Piaget*. The teit appears to exhibid sound psycho- 
metric properties and ^Id be useful i&^ diagnosing ^spedific patterns 
pfr reasoning difficulties. Professor Ronal(f Raven and his students,^^t 
the State University- of New* York In Btiffalo h^ve worked for some timk 
^> on ptbgraming Piaget'Vs ^1^^ qper'ations with' the ultimate goal Of 

improving tjje science performance of elementfiTr andcj high school . 

.^students. Beqrtain' children maj^- come from environments which fail to ty '' 
provide c^?|sistent inputs that &courage pro^regs up the ''co^itive 
laddet. l^a |^f)V a student of Raveny ^xSffltiied thfe;, impact of a Piaget- 
^^^^tl^ 8trudtur4#rearping e3q)'erience on'^JchildreA's thinking 
about liiological^. phenomena. . Niiith^^r^de studenl^^^ld ^)rpfit f rom the^, 
training. However'^fhe training was of doubt:f^ %iriefit for fifth and 
seventh ^^raders . Haimnond (101), who al^o ,worfee4^with Rayenf^tudie^ the 
effec^tlxeness of^^sing a strijctured >s^^ exercises to help, sixtfi and 
.;^eighth graders learn compensatory tafeka.- The general problem in each 
.itasR required the* students to balanc^ i)ciake^e.quivalent two'^ub-systems / 
that involyed fiorce ^d di§tanc^ l^atlable learning program in- y 

.■^olved geodietric figures., leVef* problems , goldfish equJlife^W protoems, 
'^Jlnd cpmmantcfiting vessels probl^ems i Four logical operations were- in- 
Vplved. Hjnmnojid found that on th%, criterion measure the experimental 
giroup did better than did the contirolsi ,and that eighth graders benefited 
taore trom training; thaii did /kjxth' graders . V He concluded that studehts 
g^t the formal operation istage" of development can profit from this. kind * 
^f training^ r 

In support of Raven's deficit notion, JohnsOh (125)^showed that low 
socio-econofldid .status students did not perform as we^Ll on classif iqation 
..tasks as didt; their ^richer coimtei^arts . 

• ' ' ' [ . ' tr . ■ ■ -.^ 

While the Raven-sponsored studies ask whether trainii^g in Plaget'^s 
operations .faQi3ti*ates science performance, other investigators, ask 
whether science ejfp^rience helps* students to prpgress along a Piagetian 
hier^chy. with t;hi$, latter approach in mlnfl, G. H. Hansen (102) cbm- 
pikred^ two types of elementary science programs to deterMne their con- 
^gequence fof intellectual clevelopment of ''siifeh grader q*. Fifty-six 
'.Sixth graders ^were divided iiito two groups. One grodp studied the SCIS 
Energy Source^ uiiit In thB. first semester and th^ local sci^ce program ° 
Un the second semester* The second group studied ^these two programs in 
the opposite. , sequence. All were assessed on conservation of perimeter, 
weight, afed volume ^three times during the year. There were no si^gnlfi^ 
cant diffetential effect^ that could; be attribute^ tcu program except on 
conservation of displacement or volume | which showed up on the third 
round of testing in the ; group:f €hat had SCIS in the fall term.* Han^n " 
suggested a delayed effect of SCIS trainltig. Presumably the ^second 
grotSp^ which • also had SCIS would show this ?ef fi&ct scmie months later. ' ' 
\- -U ■ ' ' -^o , 

T. W. Brown (39) also eva^-uated the SCIS program ind found that, 
in contrast to another science%rbgra?i, student^ in SCIS were superior 
in scientific curiosity, attitudes toVard scienc^e and ^figural creal:ive\^ 
thinking, ^a'll (99)?f pund that a group' of students in England did not" 
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attain conservation of chemical id^nt||ipy coinposltion and mads after ^ ^ 
exposure to'^nine months of jchemistry * . * 1^ t 

If?' ■ ■■ ■ ■ ^ ■ * . ^ ■ * ^ ; , ■ ■ ^, ^ 

Phillips'^ (212) investigated the ^lationship^ of chlld^eri^^s abilityK^^ 
to perform selected Pftigetian tasks ^ their leveX^of acf^evemfint. in 
science is well as other subjects. There was a difference vin ftc ienceja s 
w^ll as other subjects. , There was a diffef fence in science achie^wflSflT 
between students who performed well on, the taskf, and thosB who did^not 
but there was no difference in mathematics achieVeme^,^i ^ere" again j 
. although this study was under-analyzed, we can infe^ |he presence of 
differential aptitudes that can iin^fluence learning. 

Fr<Mn these studies w& seem- to be forced to the conclusion that^^ 
students fr?)f it more frW;iis.tti^ ±fi logic *and abstract content* -y 
only after th^y have pasafetf ^Jip^ concrete to. formal operations, ^^ust^ 
when, on the average, th^y do that seep;^ to/be^quite different for the 
. variou^^ samplesfcrused in these^ iatudie?^. Th^ evidence t^at development 
" along ^a Piagetian hierarchy^is stimulated bkr experiences in science seems 
'to be 'minced. Jerry and Mary Ayers (18) repbrted t±at exposure, to the ' . 
SAPA prograjp^i^creased the rate at which kiKderga:^en children achlteved 
conser^tid^mlls. <. V '^v 

> , ' ■ ' t ' Y^'' ' ' ■ ' 

We seem to be led ^ increasingly^ to, the ^oti&lusion that iparntng to 
conserve one kind of quantity does not insure that transferee neW vari- 
ables will happen. Conservation of 'mkSs seems unrelated to conservation 
of volume. ?.^A. Smith (253) provided yet another example with young 

" adults who are? learning fairly abstract concepts. Using programmed 

instruction, he tWght the law of conservation pf .^ep tons and o£ electric 

\ch^ge to^colldge non-sci^uce majors to see wh^ether this wouM facilitate 
the learning' of the conservation of mdmentjam. He did" not find any - ; iSjJ 
significant tranjsfer of learning from one conservation law to another, ^ 
although exposure to the unit on baryons , leptons and electric cliarge 
speeded up the learning of the conservatio|l of momentum unit. ^ ,j 



^ Behavioral Objectives 

> Does it help, hinder or leave the -student unaffected to give him 

^behavioral tjbjectlve statemenjis prior to instruction? A review 6f this 
literature by Duchastel iid Merrill^ in the^ »;^evfew of Educational • 
Research" leads to the conclusion that therp is no special or powerful 
advantage to this procedure. About as m^ studies show that beh^ioral 
objectives do not help a^ show tfiat they >io. If 'people insist on study- 
ing the fiinction of behavioral objecJ;i^^s put of preference or on 
. theoretical grounds, then they might do well/to refine the research ^ 
questions to be able to find out what kinds of ^students are helped by 
receiving objectives, what kinds bf students are hurt by them, and what 
^kinds of students can take them or leave them. The equivocal nature of 
findings reported in the publication described -above as well fs^^^ _ ^ 
earlier sSence education reviews should warn researchers that something 
:1a wrong with the way the problem is being conceptualized. There is 



4p c. Duchastel and P. JF. Merrill, "The Effects of Behavioral. Objectives 
•on Learning: A Review of Empirical Studies,^ Review -of Educational;^ 
Research, Vol. 43, No, 1, Winter 1973, pp. 53-70. \ ^ 
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fevldehce in the following described sttidles that many ^tudents do not, 
necessarily use the objectives or advance organizer^, j 

The data seem to be^e^yally equivocal among the science studies ^ 
reported in 1973. Koch ^142), for example, found in high school physics 
no difference in achievement or on a learning environmdnt' inventory 
between students who 'received objectives, and thos^^who ;did not. However 
•students who got the objectives- treatment scored higher', on .a confidence^ 
%ea8UTe. Koch said that some students used the pbjecjtiyes as a^guld,e 
?and some did not and.that the disposition to objectives^^did not "in- 
crease oh the secqnd unitt 4 

• ^ , . .■ : .' ■ - ■■ 

§ Siiijiifat ly , Coleman and Fowler^(52) found no difference in achieve- 
:inent with pr without objectives fjt ■ freshmen ±n a. science c5urse of 
non-inalors.: Neithef^the sex^nor the:'aj'ea of matriplation nor* scores^'^^^ 
on'an attitude inventory chfiged these result^. Stedmaii (261) 'reported 
similar results in high schoSl biology. He-found that ^^tudents tested 
with questions geared to Bloom's taxotiomy performed eqiiiilly well on tli^ 
tirst four levels pf questions regardless oiwHether^'pr not tfeey had • 
received objectives.' • ^ . * L ^ : " 



■ Kelley (134) examined the effect of three treatment conditions oti^ ^ 
performance in an *^dio-tutorial coixrse in college genetics : ^$ehavioral 
"objectives^ non-behavioral objectives, no objectives, lie alsa used thp 
Eysenck Personality '\tnventory g[EPI) to fclock subjects into five gtoups^i 
so that he could byy means of multiple regression determine the ^oi/er o|. 
both intelletctive atid personality battexles to^tedfc^t '^chij^yement iij - " 
the audio-t;utorial/units. ' Objectives seemed toXhelp petf ormatice'f or 
some groiips.r Hfa Ifbund that the group oategorlzeH as "ici trover t- stables" 
had the highest means and less need of objectives\. Her ^ we see a. some- 
what, jmo^e- refine dv^ CO the fluestioil of how lpuch help objec^jives 
ai;e to particular Mcirids of fivtudenl^, * ^ 

In a less carefully designed study, Shields <245)* found that 
behavioral pbject;lves in aiiHio-^tutorial college biological science 
course did not enhance achievement. He felt the effort and time in- . 
volved in writing objectives might bdtter go into improving preparations.. 

In high school Instruction the case for oTjj^fctives Seems as uncer- ' 
tain as it does for college instruction,- Olsen <203) found in' high' \ 
school fi^cience that (jitior knOWl^gfe pf oyegtlves led to. higher me^iii . 
scores and better r^ention in l>pth whole group and self spaced form^ of 
instruction. Mottillp (l!92y analyzed the effects pf presenting be- i 
havioral objectives in Pt|sc phytic?. In a series of replicdte studljes 
he used both the 'F'fi'tatisll^c and t-tests with 9om[ewhat different resiilts. 
Generally, there was nd clear win for behavioral objectives. , 

Presumably prior, laiowledge of ^objectives would help students to 
focus their efforts and so make the leajming process more efficient. 
However, j^bjectives can act to impose an organization on the subject'; 
matter which is not suitable for every person, R. A, Graber (91), Ssir 
example/ divided 143 under gradualte chemistry students into good and 
poor brganizefs> He developed a 2500 word passage with an organizer, ^ 
Spn^e students got' the organizer before reading the pass agfe and some, ' * 
after. He had a non-organizer as the coiltrol group placebo, Graber 
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found no differences among the treatment grbupa*.* Ins t^ead he reported ' 
that skill at orgWiizing^as the key varial/le. Good organizers did 
better than ^oor ^organizers . A r^plicsyte ^tudy with 78 high school 
physics students produced the Same kind o^ results^ There were no 
significant interaptions between the treatment conditions^Mid organizing 
skills . ■ ; - ' \ ' . m' 

J. ■ ' ' ' / . . ^-^ , 

Thomas (275) found that set. inductibn techniquea in cQ^llege botany 
^appeared to be especially helpful to fe^aales. 

■ " ■ ■ /■ ■' ' - * /'• . ' a ■ ■ '.■ 

In a study me«it j:o evaluate both , Aijisubel's organizer tl^eory and 
.Rq^hkopf 's hypoti^sls regarding spaced/ question^> Feller (78) fou^d 
•thktc the^ advance organizer presented in oral mode only. Seemed to prqr- 
^kuce confusion. Among his^ tenth grade biology stud^Mita. the ^i^pup wWch^^^ 
*kot the advance organizer and spaced-f actual recall performed lea#t well. 
In general, however, there were ho si^ificant differences among tlie 
experimental treatments. . )^ i 

Jungwirth and'Tamir (130) sought tb^correlktfe^ teacher 1^ 
derived from earlier stu4ie8 with sjbiident /achievement. Students ranked 
14 objective^ as they • thought \ their tea^Jiers wouXd. Th^ correlation t 
between student and teacher rankings Vis. low. Teacher Image was the ^- 
best predictor. Student priorities afso cortelatfed with achi^ve^^nt but^ 
* accpunteU. f or less ^^ariance than did three of the four ateas piitthe 
'^pacher Image* measure. ^ ^ / ' / 




- '.■> . . / / ■ ^ » ■ ■ ■■ ■ ^ 

We Included the ^raber, T^ioinasrand^S^^ler studies in this section , 
rather than In the isection- on learning to'^ Show, the probable theoretical 
connection between objectives and organizer theqr^i' Other teports bais^, 
on Ausubei's tlieory appear in the ^ction on learning. For now, one tf 
ought to. recognl,ze that most of the re sear ch« on the use of ^bbjectives ^ 
appears lo"hav4 no theoretical base. If objectives are meant to* function 
as advance, orgariizers, then t'hey appear to be^doing no m^re good in* 
science inltruction t>an are^mbsf of t^e studies, on ^dyante.. organizers . 
These, too, have produced equivocal results^. 

u - far .the, lair&est block of studies reviewed, audio-tutorial pro- 

gr^ips mo&ly seem to be of interest to teachers of collegfe students . 
although%k f ew investigatijrs used high school studenta as^^ubjectg. We 
examined' these atudies^to see whether we could learn answer^, to three 
qiiestions; 1) Under ^what conditions do self-direfcted, self-paced prografins 
help aid under what conditions do they seem to hinder progress? 2)^What 
learner characteristics interact with the modes of presentation? 3)- Are 
there jany 'trends that would allow us to makp some recommendations f or ^ 

'practice? ^ 

• ' ■ * .* . ■ ■ ^ ■ • • 

If there is a" single refrain sung by people who wrote and evaluated 

* independent s^d# and audio-tutorial programs, it concerns student pro- 
crastination. Self-atarting and s.elf-directing norms apparently are not 
dominant- in atu^ent groups! Given this difficulty, how do audio- 
tiitoriiL, indlvitlu£l,Iy prescribed, and/or seH-study programs do in 
comparison to more Standard programs? .One way to ^^amine the question 
is to list the- studies as shown in Table -I according to. whether^the out- 
comes favored, on the ooae hand the experimental treatments, or on the 
other hand failed to show enough difference-to make the effort worthwhile. 

■ i<: 
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We might perhaps be a little less controversial if we simply distinguished 
studies that showed no difference$ in tfie outoomes from those^ that didj 



without raising the question of worth., 

■ r ■. ■ - . r ■ ; " , 

•pie question of worth concerns how much difference. tl>e:i^must be to 
jUstlfy.the^effort involved in planning and, especially, managing fax 
audio-tutorial or eqpivalent type of program. Unfortunately^ew of the 
studies dealt with this question. The question pf worth crfr«so be 
considered in another way. Are ther^v particular ¥ypes of students \Aio 
seem -especially to pro$pi^r under an audio-tutoriaT f ormat' of soma/^nd? 
Her^we should look for aptitiiile-treatment interaction (ATI) 'studies.^ 

■ . - ■■ '1 ^ A. '\ / ... ' ' .• • . ■ 

* These. are investigations w^iich examine how learner characteristics 
interact with the materials or whidi contrast the way in which the^ 
vai^ious presentation modes (e^g. , ^verbal, spatialj etc.) , interac^ withS^^^^^ 
learner variables. ATI studies caiji bfegin to help us find out tp;ider what 
conditions and for what students vairibus modes of .presentation* are 
especially useful. There are a few'apV^ Interaction ^ 

studies included among t;hose revlewefl^tY Hopefully , in succeeding years 
the number will increasq. ;^ i ' 

I In connection with audio-tutorial ventures , it may be useful to 
distinguish between individually paced fiiiid individualized programs. 
An individually paced program allows students to progress at different 
rates . ind Ividual ized p r ogr am mxa t mefet one more condi t ion . 1 1 mus t 
make comparable content available in more than one format so *that people 
with different aptitude configurations can find modes of presentation 
whichi are esjr6cially suited to th^. Aptitude^treatment interaction 
, studies . could help us t;o answer the question raised in 1967 in the study 
' by^Stodolosky and Lesser^: Are the^i? benefits to be derived from matching 
instructional strategies tb patternaj of mental ability? 

. <a ■ } • ' 

The need to perform aptitude- treatment interaction studies to dis- 
cover wliat patterns of ability seem to be called -upon in different sul^-* 
jects is illustrated in a study by Grobe (92).'<' In a comparison of 
audio-tutorial and conventional biology programs where students were 
grouped in three aptitude "levels, knowledge of apliitude and treatment 
accounted for only 9.5 percent of the vVariance on CEEB, scores (se^ 
Jablel). The 91.5 ^percent unexplained variance warrants som^ attention. 
The multiple linear regression procedure used in this study is, an effec- 
tive alternative to two-way analysis of variance since it preserves more 
data and makes the need for identification o^ other variables more 
obvious. (This study appears in two journals under different^ pities and 
viith A. W. Sturges added as co-author in one of the versions). ^ i 

If there is a problem of student prp,c;^ig^stination in self-paced 
modular programs, what can be done about itf''*^ Nelson and Bennett (198) 



^Susan S. Stodolsky and Gerald Lessor, "Learning Patterns in the Dis- 
advantaged ,"Harvar0^ilcay^n^^^ 4, Fall 1967, 
pp. 546-593. ' ' ( 

,6c. H. Grobe and A. W. Sturges, "The Audio-Tutorial and Conventional 
Methods of College-Level Biology for Non-Science Majors," Science 
Education ; Vol. 57, No. 1, January /March, 1973 , ^pp. 65-70. . 
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surmlsied that shorter units in a psycholdfy coiitse would help eliminate 
the problem. They set up a condition in >5*ich tshey organized tha matetikl 
to bei^JLeamed in one ct«se into twelve units and in ^th^ othfer ^^^^^ > 
three "^^jiits • Nelson and Bennett concluded that moire Small units result 
in better productivity . Students paced them^e^lves more regularly, with 
shorter assignments and the^ seemed to investigate the material , in more * I 
•depth. Th^^^cost to this ,proi§iedure lies ^^n the incr€M.€d time spent taking} 
tests on ejich^u^it. It is possible to offer an altfeaatlve explanation 
* ♦'to Nelson's ani' Bennett's reported differences ii[i performtoce. Mor^ rre- 
quent^^an]L8^:^^^r smaller pplrtlons of subject mdtte'r neces^i^iiy lead to 
more irehear^ii^ of content and more feedback on how one Is dolh^l r . 

, • ... ' ■ ., * \ ' *''" 

5 ^^^^^Atfcii^^^ (15X arranged Jjiifoi^ in an Intermediate Science Cur-* 
t^rioii^m^^^^^ (ISCS) ^ level li prpgi-aia in two formats . printed "and Sidio- ' 
'tfi^e^^r.: ^^;^rouped 72*eighth graders into thrW leveljs of ^dading ability ^ 
4i^^<j|Ttja^ assigned students from each level to a tteatmentv Oil mea- <? 

fiure^ bf acl^ievement, retention and time to complete the work in the 
I^^ ISCS' self Spaced program, all three audio-tape groups put-performed the ' ' 



i£% * printed instruction grbups. 

V • , .... . .' 

y ;:\JhJ!le Atkinson wa^s' entirely correct in using an analysis*of co- 
variance (I.Q. and STEP), in this instance he might have produced more 
information had he also employed a 1^1 tip le regression procedure. We 
wo.uld th^n know how much of the variance on the otitcome measures would 
" be aecounted fot by know^-edge of I.Q. , reading ability, and treatment. 
. There is also the potential here for an <aaptltude-treal:ment interaction ' 
nialysis ^hat would provide soipe basis for individualizing instruction. 
This anfiiXy&is WQtild pr6yide tl means for idAitifying exactly whicli 
studentfil would prosper under each treatment* , 

^J-:-- In a step-wise iTjegresslon procedure, McDuff ie- and Bruce^ (178) , • 
examined relationships between personal characteristics of students in* 
If year long audib-tutordal bitflogy program and ach±fcv«nent and attitude. 
. In addition they used a st^-wJL'se discriminant analysis technique to^ 
^predict membership in high and low performance, groups. In an^^ttempt 
to differentiate characteristic profiles for high mid Ipw ^achievers and 
for students with positive and negative attitudes 'toward the form of 
instruction, th^y administered the Guil^ord^Zimmerman Temperamient (GZTS) 
Survey, Moore 's^Scientific Attitude Inventory,^ the Nelson Biology Test, 
* the GEEB , and f^ia apt±tud|e measure . ^ Pfersonality factors on the GZT^/wete 
^r^dictors of ' kchle^ment 'and attitudes toward science as well as the 
" ^r.^f orm of -itistrupti^ ^ut emotional attitude toward science as well as 
CEEB.ma%^; Wd scores were key variables. 



McDuffie'and Bruce concluded* from the siall^'^t significant ex- 
plained variance in the criterion measure^ (23.2 «per cent) that the V 
abilities, attitudes, arid personalities of the majority of students were 
compatible with audio-tutorial ' forms ^f instruction. ^ The approach em- 
ployed in the study providea a means Of Identifying students for whom'^t^ 
audio-tutorial method i* an inappropriate instructional alternative 
since.thedlsdriminant analysis indicated that low group membership ^had 
high post hoc predictability with respect to achieveifient. Audio- 
tutorial Instruction provides an alternative to* large group instruction 
The techniques employed in the study could provide'^a means of date- o. 
gorizing students into treatments that would be especially compatible 
with their modes of ^ learning . - \ ^ ' 



In Indivi4ually Prescribed Instructi|6n (IPI) , Peura ct al (210) 
j^oxxhd that the previous grades of enginej^ring/students who had come 
through mpre traditionally organized programsj did not iEalc;jB a good pre- * 
<^ctor of 'Qucceas in IPI. They reported thaA 40 percent of the students 
had difficulty pacing themselves and 95/percetit Jelt -the effott was 
"^reatex than the course warranted. Oddly enough, S4 percent reported 
they would choose another IPI course. ^ . 

Campbell (4?) examined characteristics of low, medium, and high 
success^studeitits taking part in a self-paced high school biology prograim 
where Lean>-rng Activity Packages (LA?* r) were used as the medium of 
instruction. He suggested that LAfe*s may not be good for low ability, 
poor readers. Students who were successful w4.th,IAP*s ^generally had 
hlghftf I.Q.a, read better, worked faster and had higher science achieve- 
ment scores. Once again we are led to the don clusloa that a particular 
format of instruction miy be dif f erentlally suc'cessful. The- task to 
discover which variables predict success for each type of Ixistructional 
format. In aborts t^re need to be mor'e aptitude-treatment Interaction 
studies . ^ > 

Two studies based on 0. R. Anderson's-^ research on ^he^ffecta o5E 
atructure in wrbal communication provide some guldanc^^Ontemlng the 
way in which audlo^tutorial and self -study packages might be constructed .c 
What he calls '•kinetic structure'' is measured by identifying and counting 
the subject matter terms which appear as tommon elements in contiguous 
seniences. By altering the frequency and distribution of occurrence of 
tile terms, one alrerrf the kinetic structure of the presentation. In an 
audio-tutorial college biology" course, Mathis (176) contrasted the 
effects of presenting high kinetic structure and Ipw kinetic structure 
tapes to students. There were no differences in the time taken to com- 
plete the program. An analysis of vari^ce on the podt test. scores also 
failed to show a significant, difference. Wl^iile there was no significmnt 
interaction hetween verbal ability and treatment, a covariance analysis 
indicated that a positive relationship eacisj:ed between student achieve- 
ment and degree of kinetic structure. 

Butterworth .t^4) , who was also a doctoral student o| Anderson, 
examined the eff ec5t of levels of kinetic structure on affective learning 
in a i'resbman college blQlogy^oo^jrse. He meaauyiBd the effect of struc- 
ture on content acquisition. 'Students learned Aore under the high 
^ klMtic structure format and felt that the high structure lessons were^ 
more helpful, 'but not necessarily more valuable or relevant. These 
two studies call attention to the need to consider the amount and form , 
of re4undancy. in novel materials . ■ ^ , 

Brown (38), who wais interested in, hypothesis formation, assigned ; 
students to independent laboratory work or to regular laboraitory In- 
struction in freshman college biology. Object ^visualization and anxiety 
levels were the learner characteristics she id^entlfied as possibly 
rejated to hypothesis formation. H^re again there would have been an 
excellent opportunity to perform an aptitude-treatment interaction - 
ff ' ■'■/.,■- 

^o.'^r; Anderson, Structure in ^Teaching: Theory and Analysis . Teachers 
College Press; New York, 1969. 
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analysis but » this waa nbt done. The results, while interesting, are 
not as discriminating^ as they might have been. Independent study did 
have a direct effect on both inductive and deductive hypothesis formation, 
High anxiety students in general did not perform as well 'as did low 
anxiety students, ^ > 

McElhattan (179) /developed and evaluated the effectiveness of an 
auto- instructional chemistry course fpr prosp^tive elementary teachers. 
All the students exceeded the minimxim criterion score on the contetrt 
test. Students also improved their performance on the Test of Under- . 
standing Science (TOUS) ^and the Processes of Scientific Inquiry Inventory, 

In a conceptually more interesting Unvestigation that employed 
principal componeivt analysis, Barry (24) contrasted student pjerformance 
on a traditional presentation of topic^ on sound waves with performance 
on a linear program of written material arranged in, a knowledge hierarchy 
as described by Ga^ne, In three .^irst-form classes he obtained test 
scores on the top'ic, mid-yeaj:.;^^l;6nep scores', number o'f errors in work- 
ing the program and I.Q. He"fo^d<tl^ error rate was high and that many 
students did not correct their Errors. He noted that the error rate did 
not seem to be significantly related to the aptitude measure, a fact 
which he felt calls fo'r further research. He noted, * however , that higher- 
error rates were associated with low*er scores, 

Sumey (43) developed and evaluated programmed materials for college 
physics and engineering stu^Jg^s who were learning about amplifiers. 
This dissertation contains a review 'of programming method^ and relevant 
learning theory, but the analysis of data leaves much to be desired, 

* ■ • . ■* * ' 

in a study meant to contrast individualized science instruction 
via ISCS with traditional science; Heff eman (104) unfortunately con- 
founded content and method variables with the result that his conclusions 
concerning the effcicacy ^f individualized instruction are largely unwar- 
ranted. What he in fact J did was to, race two curricula, ISCS and the New 
York State Science curriculum, against eadh other. He used the TOUS, the 
Watson-Glaser Critical Thinking Appraisal and the Student Science Atti- 
tude Survey. Moreover, he reported that the teacher of the ISCS may 
have inf iuenqgd the New Xork State program teacher to increase j:he amount 
of group activity. ' Heff^man might have recovered valuable Information 
despite the design problems he had, had he performed a multiple rpgres- 
aion analysis to find outj: what part of total variance was contributed * 
by each of the factors: Curriculum type and pacing. 

y The ISCS science prc^gram for grades seven through nine requires 
students to direct their own progress for considerable blocks of time. 
E. ^tf' Stallings (260) used the Tab Science Test tOv compare the achieve- 
ment of ISC? students at leach grade level with thar of students in, what 
he calls a traditional pi^-ogram. ' He^ found no differences at the seventh 
and eighth grade levels but did find a difference in favor of non-ISCS 
group at the ninth grade. The Tab Test presents an interesting approach 
to evaluation but, as Stallings points out, its reliability is rather 
poor and one must be guarded in interpreting results based on. it. If,^ • 
however, the^results do reflect a real difference, then we may have here 
another Instance where students do not direct their own learning very 
well. ' . • 



ERIC - ' ^f] 




22 

id Johnstone (68) found that 14 to 15 year •olds had diffi- 
culty lelmlng chemistry which was presented in a programmed Instruction 
format. 

Smiley (251) used the audlo-tutorlal metliod to give secondary ' 
biology students freedom to choose j^hether to come to'^classrsK He found 
that studenCfe who were not compelled to come to class perfbrmed as well 
as did thos4 for whom Attendance was compulsory. 

Couch (58), on the other hand, reported that in a microbiology 
course where students had What he called guidisd learning plus lab, 
performance was not as high as 'with the traditional lecture- plu^ lab. 
Based on hl^ data^ Couch concluded that students want to b<& spoon fed 
and do not like 'it when fehey are not. ^ 

■ • • ■ 

In a study of the In^^ldually Prescribed Instruction (IPX) system, 
Rookey (226) found no differences at'the^ early grades on a variety of 
attiltude *and performance measures, tie noted, howevet, that middle ''level 
students bad }ilgher scores cwt^ measures of creative tendency, self- 
concept and attitude toward ^|hool ^an did the controls. For younger - 
students, the controls had befefer attitude scores but the IPI students 
had better self -concept scores. 

' ; V- " • . 

Shaver (242) foynd that students in an earth science course who 
learned through indeJJ end ent fftudy performed as well as did those who 
received standard iipstructlon. He observed, however, that in the follox-7- 
Ing year the academic achievement of the fndependent study group was 
significantly higher than for the controls. 

To a group of engineering students who had taken the Myers-Brlggs 
Type^ Indicator , Smith, et al . (252) presented a self -paced^ program. 
They sought to answe'^r \a question more researchers should consider: 
namely, for what kinds of students are^ certain treatments helpful? 
They produced gome interesting findings . The MBTI h4s a two-way classi- 
fication acb^me, Extravert-Introvert, and four pairs of preferences: 
sensing (S)""- intuition (N) , thinking (T) - feeling (P>,. and judging 
(J) _ perceptive (?) . Seventy-three percent of the students completed 
the course in thermodynamics in 11 weeks. The N-types liked the self'- 
paced formats while' the S-typeia preferred group work.' T-types pre- 
ferred lecture while F-typjes chose -the self -paced format. Introverts 
.^h^d higher CPA's. F-^types took 'smaller course loads and attended more 
help sessions. T-types took heavier > course loads. No significant 
correlations were found between^ the E^tjraverslon-Introverslon variable 
and scores which indicated the students' preference for various teaching 
methods. Smith, et al . concluded that the composite type for whom 
self-paced formats are desirable ^Is NFP (intuitive, feeling; perceptive) 

Kelley (134) administered the Eysenck Personality Inventory (EPI) , 
among other measures, to find out what personality yariablen would 
predict achievement in 'audio-tutorial units on genetics. He found the 
xtroversion-introversion dimension of the EP\ contributed significantly 
to total variance. Introvert-stables had the highest means. The best 
predictors were grades ^rom a prerequisite course and SAT math scores. 
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Thomas Smith (256) sought to Identify relationships between per- 
fonSance "and selection patterns of students learning chemical anaj.ysjs 
through an on-line completer delivery system i selection patterns refer 
to positive and negative instances of the concept. He identified two 
patterns » attribute centered and Instance centered. In the former » 
attribute centered » the learner selected the results of one test solution' 
across all instances before -moving to a second test solutlbn. In the 
instance- centered strategy, the ^student sejeqted the results for all 
teit solutions on one instance before moving' to the next instance- 
Smith varied the task characteristics by presenting the information 
in illnear and matrix forms . He also presented feedback in these two 
forms and he altered the complexity of the task by withholding^ a number 
of relevant attributes. Each student chose what information he wanted. 
Smith reported that while ther6 were considerable bfetween-^peraon dif- 
'ferencps, each learner tended to maintain a'partlcular selection pattern 
across similar tasks. In this study, which has considerable theoretic 
impact. Smith categorized the observed selection patterns into four 
groups: 1) analytic-attribute centered, 2) analytic-instance jgentered, 
3) global -attribute centered, and 4) global-instance centered. 

Suramerlin and Gardner (265) compared achievement in two weeks of 
chemistry under CAI and* non-dAI regimes. The GA.I group achieved higher 
scores on the content measure. Cunningham and Fuller (59i, in a less 
well designed comparison of performance in a CAI physics course jfiind in 



Wright (303) compared performance of college stuilents in individu- 
alized and standard earth science qourses for non*-majorB. He assessed Js^ 
changes in understanding of the nature and processes^ of science, acqui- 
sition of e^rth science knowledge ^and attitudes toward science. He • 
found no differences in attitudes . * TRe traditional group acquired more 
earth science knowledge and vocabulary. The individual learning group ' 
galjled more understanding of the nature and processes of science. 

Ho§g (112) did a survey to det^polne attitudes toward prog|:ammed. ' 
learning in college ^chemls try and found, as did some of the ItiVestigators 
previously cited, that, on the whole, students liked self -paced instruc- 
tion* It should be noted, however, that ATI studies indicate this mode 
of instruction may be inappropriate for some students. Generally the' 
self -directed, or S'elf propelling requirements o^. self -paced vetttur^s 
seam to preient problems?^ for many students who find procraatlnaticxi to ^ 
be the biggest: obstacle. ' ^ ' ^ - * 

In an aptltude-tr^atinent Interaction study (ATI), Ann Lifee (157) , 
attei&pted to distinguish behavior traits of students who learned best 
under CAI from trait's of those students ^o learned best in a traditional 
laboratory physical geology course. In addition to biographical data, 
she administered the California Psychological Inventory (CPI) , seven 
short-term achievement tests, a long-term achievement test, and an ^ 
attitude toward CAI scale whlch<s«he correlated with CPI traits and with 
petf orkance. Johnson-Neyman^ tests of the two ATI hypotheses showed no 
regions of significance between the traits and the two 'treatments . 
Generally, CAI in geology appeared to facilitate learning for males, ^ 
science-related majors, and students with previous computer experience. 
Females, liberal arts students,, and those with no previous computer 
experience did better in the traditional format. 
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standard physics, found no difference between the two groups. The^., 
concluded that preparation of CAI involved too much work for Very little* 
gain. • " 

j.- ■«»» .. Q «> , 

Wolff (299) developed and evaluated a new CAI language, called 
"CHIMP," to d.etermine whether it Would function for interactive .tutorial 
and' drill lessons as well as be suitable for the study of learning* 

The potential of CAI for examination of science learning processes ^ 
probably should receive more attention in science education research 
than it has to date. It makes possible the study of decision processes* 



Formats for Instruction 

A monolithic conception of intelligence or aptitude is rapidly 
disappearing,^ In its place are sets of special aptitudes: verbal, 
visual^ spatialiation , numerical, and a host of others* Each branch^^f 
science' and even sub-discip lines within a field may draw heavily or^J^'^^P^ 
specific combinations oj^ aptitxid^s* Ann Roe^ noted that within ^^he 
field of physics, the prominent scientists she interviewed, 4^ffered-r 
markedly in their techniques for working out ideas* Some used diagrams 
an4 schematics to help them think, others never did* Similarly., stuo^nts 
may exhibit a great variety of preferred modes for receiving and process- 
ing ydn^ormation* The kindu of modes in which ^hey are required to 
return the reaults of their thinking* to the teacher usually are verbal 
ana riumerical* In any case, it may be desirable, now that an extensive 
pool of curriculum materials in science exi^sts, to pay more' attention 
to the variety of ways these materials could be presented to different 
kinds of learners* , 

First we consider different ifto^es of presentation (e*g*, oral and 
visual) and* ask whether the investkgators concerned tried to distinguish 
students v^o benefited from ai technique from those who found it inhibit- 
ing or at^east of no help in learning* 

If ^eighth graders do not read very well, will presiahtatiori of in- 
^ formation on audiotapes help them to perform more successfully in^^ science? 
Atkinson (15) showed that in the ISCS program when students who did not 
read well received instructions orally, .they performed better thian did 
th«ir poor reader counterparts \AiO did not get much help* With a sample 
of first grade children, Hibbard (106) attempted to remove poor reading 
ability as a factor in learning science concepts by supplying 18 audio^ 
tutorial lessons* These lessons included work-sheets and manipulative 
materials* Children in his sample did develop concepts without benefit 
^of reading in the usual sense * 

However, Moore (187) found that biology students v^o were poor 
headers were not especially helped by audiotapes that supplemented their 
texts* )Neither achievement nor attitude scores differed from those of . 
the control students* 



^Ann Roe, The Making of a 'Scientist . Dod^, Mead and Company, New York, 
1952'; 




Hibbard (105) also showed in a second study of first graders that a 
combination of pictures and actual manipulatibn produced thd most learn- 
ing if these techniques were coupled with discussion. In both studies 
he reported that the correlation between reading ability and science 
learning was i^ot significant. others have done before him, Hibbard 
Suggested that 4scien£e experien^ces allow the non-reader to build verbal 
facility* In this connection \^ found a strong positive correlation 
between scores on a science test* and verbal predictive ability. 

* <t 

What do we gain by. giving students materials to work with'ln a 
laboratory type exploration as compared with sending them to the library 
to gather the same information? Merkle ^8;t) reported that inservice 
teacl\ers who, had a •laboratory experience with pendulums gained more at 
the end of sl^ weeks than did those who studied pendulums by reading ^ 
about them. ^ 

^ jWhat effects do pictures have on learning? Here we need to con- 
'sider whether th^ pictures are just decorative, whether they, are redun- 
dant with text or whether they truly substitute for words in text. In 
. short, how much of the message does the writer mean to have transmitted' 
through pictures? Holliday (113 , ll4Jf has reviewed the research on use 
of pictures in science educaticfti. For people interested in this tbpic*, 
his review is helpful. ^ ' 

Particular attention should be given to those studies that exaiplne 
the relation between the learner 's characteristics and hi6 ability to 
make use of pictures^ If the picture is meant to carry the message, 
then the artist and the authors work together from the start on pro-1 
duction of curriculum materials . Each shapes the thinking of the otners 
The* ISIS project, a new NSF funded program directed by Ernest Burkman's 
, at Florida State ^University in Tallahassee, has proceeded in this way, 

Holliday reported that picture^ which are adjunct to the text do,!^ 
•not always help. If they are simple, on the order of diagrams, there 
may be a facilitating effect. He warned that the influence of pictureii 
is complex, but at least there should be some correspondence iSetween the 
kind of concept to be presented and the pictute. Some concepts do not \ 
lend themselves well to pictorial presentation while others probably 
ought. to be presented with graphics. 

* ^ ^ '■ c 

Pictures may be used not Only during instruction, but also their 
potential use in evaluation warrants attention. Reese (219) constructed 
a pictorial test for BlAie Version BSCS biology. He supplied validity 
and reliability data. The test was both individually and group adminis- 
tered with similar results. It would now be interesting to construct 
a verbal equivalent of this test and to find out whether students with 
different verbal and spatial aptitude patterns perform in the sam^ way 
on both forms of the test. 

* Voelker (291) suggested that the kinds of pictures which help may 
differ depending on whether students come from urban or rural settings. 
He collected feedback from several groups of children , concerning which 
uses of particular pictures helped?^ Probably feedback from students in 
other than a typical test mode might be helpful in the whole area of * 
pictorial communication. 
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Talle/ (270) fpund that students in freshman chemistry did more 
critical reasoning (^when they used molecular model kifs to help them ^ 
undet#tand molecular structure. Ian Thomas (274) found tha^ filnys 
helped Australian secondary school stxidents l^am Coulomib V Law. 

B. W. Hill (108) found that audio-visual slide t»/ units helpfed 
students in" general college cljemis try t,o learn ch&^BXTy*^ In one tteat- 
^aent condition, studepts were free to use or notTiS^the tapes as they 
pleased/ Since this treatment group" did as well as the group \^ich was 
required to use the A-V units ,,y, she concluded that students were good 
judges of. their needs. They used such supplementary resources if tjiey 
felt they needed them. ^ 

Three studies on the ways in which planetarfums help students learn 
astronomy and aerospace concfepts are reported in /this section. . Akey 
(6) found in a one group pre-post design that second graderj^ understood 
24 of 39 concep.ts prior to exposure to the planetariu^. There was a 
positive cQrreiation between tine' spent post-teaching pljanetarium con- 
cepts and retention. Sunal '(268)valso used second grade subjects and 
found significant gains in all goal areas. However, a group exposed 
to an' astronomy .UAit, as compared with ^ astronomy-planetarium experi- 
ence, did as well. He concluded that the planetarium functioned iar^ely 
as a remedial and review device. Reed (218) also found that ,the plaiie- 
tarixim as a demonstration chamber accoifiplished little with , college « 
students. When the planetarium was used in conjunction with classroom 

chalkboard drawings and celestial globes j more learning occurred. 

• - 

We could find no work to date on the use of pictures, cartoons, etc., 
to convey any tht affective and valuing aspeicts of science. 

Lerch (159) presenti^d 129 college physics students Vith ^ divergent 
lab and 35 , controls'" with what he called a traditional presentation which, 
was largely deductive. He used a, questionnaire to- tap six factors; 
1) qualitaisive and quantitative measurement, 2) choice Id f experiments, . 
3) interest in experiments, 4) self-sufficiency In lab, 5) verification, 
and 6) uaie of models. The"" divergent tteatment group responded differ- . 
ently from the controls on factors ^,3, 4, ^nd 5, 

In a high school biology course, Egelston (70) found that groups 
exposed to inductive inairruction did poorly at first but finally sur-- 
passed the deductive group in achievement. The controls , howevei^, 
exhibited a better attitude. As far as th^ rating of the quality of 
the learning envirortoent went, the controls scored better on intimacy, 
satislkction, and diversity indica,tors while a{»athy, disorganizatipn, 
* goal direction and formality were factors rated strongly by the iiiaut- 
tive group . ^ ^ * 

■ ,^ . 

Linz (161) contrasted inductive and deductl^^e chemistry approaches. 
The inductive approach went from specifics to generalities. The deduc- 
tive mode progressed from general to specif ic . • ^The deductive mode 
produced generally better results. ^ ' 
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Curriculum Eyaliuitioii^ « 

In tnlQ section we Include studies^ that examine outcomes of Instruc- 
tion In vaiious content areas. Outcomes can cognitive or affective 
'dr both, ^fbose papers vhlch reported standard kinds of achievement 
results are ^is cussed in the flr^t pa:|^t of this section* More investi- 
gators are.tali^g an interest in attitudes, preferences and values that 
develop o£;;ire influenced by instruction. Studies where such variables 
receive atiilntion appear in the second part of this section. 

Fi^om this lalbtei^ group we 16am that the pass -fall option does not 
's^em to facilitate leam:(.ng or to particularly influence stu^nt liking 
for E^cience;. Dogmatic people find modem science programs with ttieir 
empha^^s on inquiry processes difficult. There is evidence to suggest 
that^ %lf-conctept and personality changes rarely occur from exposure 
to science of the durations typical in these studies. However, there 
is evidence that students ^o 'leam an analytic mode of Inquiry in Junior 
high schoo^,8 till retain the mode when they are seniors. There is also 
anillidicatiQ||^^that sc is a great equalizer with respect to people 

who differ lA;,: self-concept . People with poor sfelf -concepts^ do- as well 
as those '^Idth more positive views of themselves. 

- In an>|ht^ resting investigation, Bullock (42) compared the relative 
e^i«c'tiv^ness of three different types of elementary science progratos: ^ 
Science -^A Process Approach (SAPA) ; Environmental Studlep Project (ES) ; 
and the Laldl aw textbook series.^ Twenty-seven teachers' and 312 sixth 
graders in a .southem school system took part in the projects. The 
g:AB Scleiice Puzzler Forms B and C were administered as pre- and post- 
tfests. Ori selected problem solving skills there were no differences 
between SAPA and Laldlaw groups but both these groups put-performed the 
ES group. :3oth SAPA and Lald^^w programs produced improvement in problem 
^solving skills. * There is no report as to whether the investigator 
yerif^ed ho^SPvTmich science was t^aught in each condition or whether the 
processes used reflected the Intents of each program. 

Renner, et ^1> (223) did a series of investigations of the Science 
Curriculum Improvement Study (SCIS>, an actlvlty^ased elementary sciencfe^ 
prog tarn,. The -paper V'^'-which appeared in School Sfcience ^d Mathematics , 
Ifj a composite of dissertation studies by Rennet's students. The 
general telt>r of the studies favors SCIS^as a program \rtilch encourages 
development of science processes and language. Development along a 
Plaget'lan continuum may be encouraged by participation in the SCIS pro- 
gram. (Sae the section on developmental studies for further disofussion 
of this point.) ^ ..^ 

ti ' . ^ *^ 

Daugs i60) compared sixth graders ' performance 'on an earth's at- 
mosphere unit where the ostensible difference in treatment was simply 
whether or not a <class used o^a text or many texts. With the use of 
the Cloze procedure to measure gains, Daugs found no performance dif- 
ferences between the two groups. However, teachers found the idanage- * 
ment with five versions of a program rather difficult* In^short, the 
multi-text treatment did not help the subjects in Daugs' study any 
more than a single text did. oIJ^^ the range of reading skill in ..the group 
were not large, thei^-e«ie ctould expect little advantage from a multi- 
text approach. , ^ 



How does the dui^tlon of training relate to retention? In a well 
conceptualized and analyzed Investigation, Audrey Tomera» (279) examined 
Jhe retention and lateral transfer of the processes of observation and 
comijiarlsQn, She asked whether these processes onpe acquired WQuld-=lj^'''* 
retained over ^Intervening non-tralnlng periods of thr^ee months to a 
•year. Data were collected from a rural jutllor hlgli 'school and from an 
urban junior high school. Achievement was measured by the Scientific 
Observation and Comparison Skill Test - Twig or Algae Forms developed 
by H. R. Hi^ngerford of Southern Illinois Un^lverslty, With a multi-r^^ 
linear regression procedure for data analysis, Tomera showed that 'sMlls 
are well retained at the end of a year. The duration of this reSJ^ention 
did not seem to be a function of the length of the training ^perii^d. 
With these results it is not surprising that spaced review,; a treatment 
which Ishe tried, provided no 'additional gain in retentfion. 

In connection with the Tomera study! it is of interest to note that 
knapp (lAO), wli^also worked with Hungerford, examitied the transfer of 
ciassif ication skills by prospective elementary teachers. He asked 
whether training on classification with one category of materi^ils 
facilitated learning to classify a different set of 'materials*^. Knapp 
pfovlded training with twigs and found a significant trans figf Of learn- 
ing when students were tested on the algae form of Hungerford's t^st-cl' 
Students learned to classify algae more rapidly as a result of the^.twlg 
experience. * ,^ 

L. Allen (9, 10). found that five percent of the variance in achieve- 
ment between SCIS and non-SCIS students could be attributed to the SCIS 
program as could two percent of the motivation variance. This study 
which appeared, in the Journal of Research in Science Teaching , Vol. 10, 
No. 2, also came out with a different title, a shift in table format in 
Science Education , Vol. 57, No. 1. Essentially fable VII in JORST is 
a condensation of Tables y through- VIII in Science Education . 

.Scott (237) became Intere^ed in whether students ^o had had 
several years of exposure to a version of Suchman*s inquiry 'training , 
program in elementary and junior high sbhool d^eloped and maintained 
a more analytic style than did a matched sample who had had* science 
but had not had this training. He found 26 high school seniors who had 
experienced the training in elementary and junior high sqhool. They 
did -exhibit more analytic behaviors. 

What is especially desirable In the analytic i^de? In contrast 
to global modes of thinking, the analytical style apparently contributes 
to overall achievement and may be especially helpful in chemistry* 
Scott's study suggested that students can ^be taught to acquire a par- 
ticular st^le of inquiry. What remains to be determined ife how that 
style Influences the way students function in different disciplines. 

One study may be worth mentioning in the context of students with 
learning problems. Gilbert (86) applied four different readability 
formulae to basic eleinfentary science text books: the Spache, Dale^ 
Chail, Lorge, and Fry. Each gav^ slightly different results, but 
generally Gilbert reported that* the tendency was for science bool^ to 
be slighf ly more difficult in reading level than they ofught to be ^ 
according to the .formulae. We'must be aware, of course,^ that the 
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special terminology of science tends to Inflate these iEormiila results. 
The readability formulae were developed for general rather than for , ' 
technical reading. Nevertheless , the warning Is there for g^ople^who 
prepare Instructional materials Ip?, science, 

Grosmark (93) sought to determine how more laboratory work In high 
school chemistry Influenced achievement, laboratory skills and attitudes. 
The addltibnal experiments were In some respects redundant and students 
performed them during free time., Tliere were no differences in attitudes 
or achievement but there was a difference In laboratory skills in favor 
of "the group doing more experJjnents . 

Vanderschmidt (288) demonstrated that eighth and eleventh* grade 
students can \learh to criterion level the cardlo-pulmonary resuscitation 
curriculum^ ^ey needed more mannlkin pi^actice than they normaTly ^et 
* in that program and also mnemonic devices in the practice protocoi^or 
compressions to establish rhythm. » 

Casfe and Fry (48) showed that lA-year olds who participated in a 
critical thinking program which emphasized experimental design and 
evaluation of inferences did better than a matched group which had no \ 
training. Students who were in a pre-formal operations stiage of develop- 
ment learned to design experiments and to crltize designs. This design 
which puts a training condition against no training is rather unpro- 
ductive. A pre-post group design where each subject is a control on 
himself would yield more information. 

In zoology, Morriso^n (190) asked which of three instruct ional 
sequences would produce ^more.leaming^ fflad-ftrtind tio diirerences. Here 
we infer again that', within rather wide margins, the learner imposes^ 
hist own organization on the content to be learned. 

' In a comprehensive analysis of the Nuffield science courses, to ^ 
determine what mathematical competencies they require, Malpas (171) 
found the following mathematics topics to be Important: ratios, rates, 
proportions, graphs and formulae; measuremeiit and statl^stical treat- 
ment of d%ta; and some geometry and trigonometry. He surmised that 
som^ of the topics were introduced before students had achieved a* 
Piagetlan developmental level that would allow them to grasp the con- 
j\ cepta.. So here, as in studies described in the septlon on develop- 

mental aspects of learning, we find evidence that concepts may, be 
,N \ being presented at a level of abstraction which is inappropriate to the 
1^ gr^evelopmental s-tage of the majority of students. ■ 

. R. Denny (62) described an attempt of teachers from an inner city 

^BcKool to improve performance in chemlstry"lby concentrating on basic 
*ia»ematical skills needed for chemistry. The study illustrated that 
tr^e-offs are involved. On the ACS-NSTA High School Chemistry Tests 
th^students showed Improved performance on questions that required 
'bas^ mathematical skills, but this Wpenfed at the apparent expense 
of items relating to basic chemistry"" concepts and skills. 
% ' . . 

Biedderman (33) examined the relative Impact of two motivational 
*sourcea^on fifth and sixth graders', probrem solving behavior in which 
the tasfc| re'iiuired them to learn to control variables. He compared 
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cognitive conflict condition with an external reinforcement condition." 
His. three conditions consisted of: 1) training plus :^ecord6y 2) training 
plus cognitive conflict, 3) no training. The purple of the training 
was to teach the 31 fifth and sixth graders who had a mean age of 11.8 
years to control vc^rlWles . Plaget contends th°at the ability to control 
variables ^ust wait until combinations; reversibility, scoring, etc., 
are in the individual's repertoire. .Typically this meaps controriing 
variables would normally not be well done tint 11 a person has reached the 
formal operations stage of development. Half of Bredd^rmani&( group could 
not "learn to control variables. ^ He found no dif f erence ^ih performance 
outcomes between the cognitive conflict and external reinforcement^ con- 
ditions. He suggested, as Rowe did (231:Chapter 10), that external 
reinforcement may not be necessary in elementary science. It may ev^n 
block certain desired outcomes. 

With concern f or„ elementary students * feelings about the relevance 
of science to them as the motivation for l^i^r study, Feerst (77) presented 
the GOPES program in tHfo w^;^?^^tQ^l^^^i^ta^^ One group received 

constant encouragement To^^bdl^'^^oi^^^^^ and examples of things 

studied in situations outside the ^classroom. The other group had no 
special stress given to the relevathce of what it was studying to con- 
ditions outside the classroom. After five months , attitudes of both 
groups toward the relevance' of science were the same. The experimental 
^roup, however, showed better retention. 

Fisher (80) compared performance and attitudes of junior high 
students in a traditional science class with tH^e of students using 
the Rand McNally curriculum, Interaction of Man and the Biosphere (1MB) . 
With use of analysis of covar lance procedure to compensate for non- 
random assignment , to classes,- Fisher found that 1MB won on achievement 
and reading and produced slightly bette^^^ti'tudesA D 

In a study of affective aspects of the ISCS Level 1 program, 
Lauridson (152) used a pre-post design with a comparison group to 
'examine attitudes toward science, self-reliance, ranking of science 
cQjnpared with other^^ subjects and classroom environment. Since the enter- 
ing ^states of these variables may influence the final st^te after treat- 
ment and because they are probably not indepeildent, Lauridson used a 
discriminant analysis technique. We found that both the ISCS and non- 
ISCS groups ranked science lower at the end of treatment. Both groups 
improved somewhat in self-reliance. The non-ISCS group became more 
negative about science as a vocation. The^ISCS group became more* posi- 
tive aboift the nature of science. What we cannot infer from the design 
"of Lauridson *s study is whether the changes reported are largely 
maturational . Is the shift in self-reliance generally characteristic 
of this grade level anyway? . 

One goal of science instruction seems to be related to improving * 
the understandings which students have about the scientific enterprise, 
the way in which scientists work, and what is unique about science as 
a sacio-economic enterprise. Reis (220) developed two instructional 
procedures meant to- nurture the growth of this goal. For Physical 
Science* I students at Stanford he prepared two programs. In the first, 
students functioned as a team of scientists to develop hypotheses and 
perform experiments. The second program involved the students in visits 
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ajicf discussions 4d.th scientists and in the spxdy cff scientists' work. 
Th^ two ptograms wer6 equally ^.ffective in attaining the objectives. 
Hall (98) gave one group of;;7education students 11 case histories^of 
scientists to read while the second group «got a' science tdxt to read r 
Th« experimental group achieved higher scores on the l)est o|^ ^pepts 
o£ Scientific Thinking (TAST) and on the sub-test whilch measured ability 
to draw conclusions. / " 

Vermaelen (290) found that participation in a high school science 
course on a pass-fail basis was nat an effective procedure for groducing 
mor^ positive attitudes concerningVself , teacher, leamliig, and the 
academic subject. Student attitudes toward the gracing, option tended, 
to reflect the teachers' attitudes. Gatta (83) fcompared performance itl 

^ight*high school chemistry classes /^h'fere four groups operated on the 
pass-fail option and four received grades. Pass-fail groups did Hess 
well. Therfe was an interaction between ability^ and treatment. High 
ability student^ achieved more and had better attitudes in the conven- 
tional system. There was no effect of treatment on middle and'low • 
ability groups on achievement of^attittides . / 

- ' • ' . ^ *' ''' ,/. ^ 

" " The Egelstons (71) were interested in whether junior high school 
students in general science and earth scieitce would accurately predict 
their own performance on tests'. Ostensibly, self-evaluation could lead 

^ to changes in course involvement and study procedures. They found that 
self-appraisal meithods can be learned. Generally, higher ability^atu- 
dents made better predictions . This lAvestigatioii raises some poten- 
. tlally interesting questions concerning the perceptions and reward ^ 
histories of middle and poor performing students. 

J Himaya (109) found that students who scored at the close^minded 

end of a dogmatism scale did not gain as much understanding of science, 
* ^ and scientists (TOUS test) as did their open-minded counterparts. ^ 

Mullins and Perkins (193) exposed 34 students to an innovative ' 
f ,16-unit college bioldgy program which placed emphasiia on application 

of biology to sodial problems and on ' emotional as well a:s intellectual 
growth. On the Personal Orientation Inventory, a measiire of self- 
actualization^ there were significant positive changes on 9 of 12^ scales. 
Greatest changes were in the shift to more inner directedness sm* to 
acceptance of one's own agressiveness ' 

In a similar vein, K. Kuhn (151) used the Theoretical Orientation 
(TO) scale of the Omnibus Personality Inventory and found that, unless 
instructors emphasize attitude changes, none will occur. Exposure to 
biology and psychology courses did not change TO scale means . 

•• * ■ >. t t» 

Schock (235) has suggested, as ,a result of a study of 28 high 
^school biology classes, that there may in fact be a possible inverse . 
relation between cognitive and affective scores. Waldstein (293) 
"tested the proposition that male high school students who exhibited 
a ikrge discrepancy between their -s^lf^-concept and theif ideal self 
Would^/B less able to apply principles of dynAnics than would their 
relat^^ly less afflicted counterparts. Research by Ann Roe and 
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B« T. Elduson^ on profiles of physical scientists provided the basis for 
hypothesizing that the dlscrepandy score would be positively correlated 
,wlth s^chleveraent In dynamics/ The hypothesis wtfs not confirmed. The 
ability to apply principles of dynaMcs was not a function of the gap 
between one's Ideal self and current^ self -concept . Apparently the de- 
bilitating anxiety and rlgldness which often hampers performance of 
people with poor se^lf -concepts was not operative here* ^ 

*W V'-' 

Sears (238) measured the ^fectlve changes in students who took 
part in an innovative engineering' course. He measured changes in 
1) student's perception. of hjbnself, 2) debilitating and facilitating 
^i^lety, 3) iritemaliy-oriented characteristics, 4) achievement moti- 
vation, and understandjkng of engineering function. For instruments 
he used ^sgooaSi Sfemantic Dtffe^ntial, the Rotter Internal - Eternal 
Locus of * CpntroP^cale, Edwdrds ^er«onal Preference Schedule. He com- 
pared responses of the junior students In the sample with thos^ of a 
set of practicija^ ei^lneers . The experimental group moved toward a 
more internal locus of control .Ji^ 

^ Gross (94) also sought to examine the affe*btive outcomes on students 
of a course in college genetics in which the general aim was to improve 
scientific literacy. Students rated the learning environment aa morp 
Important than the course content. . ? 

. - \ - ■ 

' In an Environmental Action Program (EAP) at the University pf Iowa, 

Sheldon (244) found that students' self-concept, scores imprpved. Par- , 

ticlpatlon in the EAP 'yielded some changes on a social issued i^ltude 

survey ; ' ' \^ v 

^ , ' ■ 'Jji 

Other evaLLuation anJ curriculum studljes reviewed were by Auckland \ 
and Weatherup (16X, Bruschwig (40), H^Blanc (61), Jdels (124), Krause i: 
(148) , Loc\(162), Miller (183) , Ryder; (233) , Snyder (257), and Yost 
(307). - ^ V 



Tests 

, Years ago, shortly after PSSC physics appeared on the American, 
scene, Robert Heath'^^^ ^^o was with Educatlbnal Tips ting Ser/ice at the 
time, developed a pilot version of ^hat he called a cognitive preference, 
test. Some students prefer abstract generalizations, Heatb argued, 
while others prefer fact or knowledge types of statements. ProgJrtos 
^ may differ in the development of preference for generalizations aa ' 
opposed to facts. At the time Heath constructed a number o^ physics 
statements or problems and provided a list of possible responses. 
Students were to.choo'se from each set of* responses the one th^y pre- 
ferred. All starements cb^cemln^ each situation were true but the 
statements varied in their level of .generaTlty . He thought that one 



^Ann Roe, Op.clt, 



■^^Rob^it W. Heath, "Curriculum, Cognition, and Educational Heasutement," 
Educational and Psychological Mdasurement , SSIV, No. 2., Summer, 1964, 
pp. 240-241. 



39 



1 



33 

way in which PSSC,, and indeed what were then new science programa, dif- 
fered from their predecessors lay in their emphasis on relationships and 
principles rather than on facts. A cognitive preference test would dis- 
close whether, in fact, such a dif f erence axisted IJnfortunately this ^ 
line of work was not pursued beyond the pJfifet yenture until Marks^^ took 
it up some years later . ^, ' \ 

In this review we are glad to report one more venture in the measure- 
ment of cognitive preference. Mandelare '(172) constructed and examined 
the psychometric properties of a general science cognitive preference 
instrument* He also constructed an alternative form of the Marks Cdgni-» 
tive Preference Test for. high school chemistry. His objective was to 
produce a test that was easier to administer and that would be less time 

' consuming . In addition , Mandelare did what we wish more of the others 
>/hose'work is described in this- section had done, he performed rf^ factor 
analysis to determine the construct* yalldity for tl^e four factors in- 
corporated in the test : memory (M) , ^application (A) , principle ' (P), and ^. 
critiLcjgJ. questioning (C) Since various aptitudes may bfe a factor in 
the preference pattern, Mandelare also correlated, among other i^ptitudes, 
verbal reasoning (VR) , numerical, ability (NA) , ab^^gJte^1Vtit)ns (AR) , 
with the preference measures; and the New *York State ^^^Inatic 
chemistry . No clear principle (P) factor emerged but the first factor 
was significantly correlated with science interest* We nave given con- 
siderable .attention to this study because it' seems a prod&e^ive line of 
inquiry and Mandelare has provided good guidance f o^, people who are * 

' interested in tfie construct validity of instruments that measure atti- 
tudes and prefer^n^e* 

* Badaracco (20) developecl an interesting test procedure intended 
to find student preference for various aspects of outdoor environmental 
education* He used 12 cards which depicted "'outdoor environments. These 
were shuffled and' students then placed them in order of preference. He 
used this modified sort technique with 328 students in grades 1^12 to 
get comparative ratings* Mammals*, birds, fish, Indians and geology were 
the' top fivie topics, in that order. 

fl . ' 

Seymour and Bingman (240) also sought to dfevelop a 'Views and pref- 
erances" measure for use with tenth grade biology classes* This in- 
strument would measure the degree of implementation of an inquiry 
approach* Here the intent was to distinguish preference for the inquiry 
r61e approach (IRA) and a non- IRA state of nature. Student attitudes 
toward social interactions, cognitive operations, and teaching procedures 
were taped in a Views and Preference. Measure* Seven hundred IRA and 
520 non-IRA .students (BSCS' biology , standard text-laboratory approach) 
took f>art in the ^.validation study* If others use. this instrument, we 
recommend that they perform a factor analysis to determine whether the - 
inquiry ^ole variables which It purports to measure do separate out into 
identifiable clusters or factors* Whdn we suggest factor analysis, ^je 
are implicitly raising questions concerning the construct validity of 
the test which ought, to be pursued* 



^nald L* Marks, ''Differences in Learning Outcomes Between a New 'and 
a Traditional Chemistry Course," U* S* DepartD\ent of Health, Education, 
and Welfare, Washington, D*C*, October, 1966. 
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Skinner and Barcikcwoki (250) were 'obviously aware of such questions 
when they made a revision of the Reed Activities Check List which they 
adminioteredrvto seventh and eijghth graders. The Ke^ instrument measures 
interest in 'biology, earth science, 'and- physical science. In a factor 
analytic approach, they identified the -principal copiponents , performed 
a varimax rotation tS^arrive at a set of five factors which they labeled 
as follows : 1) passi^^v^earth science, 2) passive and active biology • 
(woodsy and blrdin«.) , 3) active physical science (tinkering) , 4) active 
earth sciences, ailf 5) passive physical science. This revised instru- 
ment, if it continues to show a clear factor structure, could then be 
used in a multiple Regression procedure in studies \*hich try to predict 
success, in general ^qience^ 



t 



Eugenia Koos (144) reported another in a series of test3 developed 
by the Mld-contirient Regional Educational Laboratory (McREL) to iileasure 
inqui^ skills. This instrument was developed to measure outcomes of 
TOPIC 7 of Explorations in Biology (EIB) - Psychometric properties of 
tiie test which a^e generally sound are given in the appendices - 

^ Leopold Klopfer (139) presented an' interesting paper at the 1973 

meeting »of the National Association for Research in Science Teaching 
in which he des^jribed a conceptual framework for constructing measures 
of the affective aspects of science . He used a phenomena-behaviors 
grid as a basis for generating items. 

■ . . ' -. /" • 

^ Aikenhead (5) described a test construction procedure which he jv 
feels may' be useful for people interested^in fprmative evaluation. \ 
He gave the TOUS and the Science Process «g[wentory (SPI) to 921 students 
in Project *hysics before and at the conclusion of instruction. He 
selected items that showed a significant shift from pre to post-test 
and combined them into a single Jiest. .Then Aikenhead examined some of 
the psychometric propertieff of the new instniment by giving the test to 
64 students. The new test had greater predictive validity^r Project 
Physics than did el^ther TOUS or SPI. ' We would recommend ad ditdlonal 
step. The Jew ing^e^iftiei^t should be subjected -to factor analysis to 
determine i^s underlying structure. Subscores on tjie factors which 
miaht emerKe could then be used in a prediction 6f success procedure. 

' ^ ' ^ _ ^; ' 

Steiner (262) followed a sound proc^dupe in developing a quegtion-* 
naire meanfe- to tag some science values held by high school seiif ors^. 
He used a factor analytic approach from which emerged seven factors; 
1) regard for human life, 2) pessimism, 3) cooperation with nature, 
4) concern for population, 5) personal responsibility for societal 
problems, 6) optimism, and 7) individual freedom. He eaXMated re^ 
liability with data from two samples.. In general he four^ that the 
mor^ science people had taken^ the less neutral*^ they were on each of 
the factors. 

• o 

Sister Agned Sun (267) developed a multi-phased set of procedures 
to get at student attitudes in a physical science course for pre- 
service teachers and to relate these to the degreiB ot implementation 
of a particular ki^d "of instruction. While the totality of the con- 
ception is tp be praised (especially her attempt to relate variables 
to each other), the tiny N of nine students in each of two treatment 
conditions means that we can conclude nothing afcout the value of the 
procedures at this point. * 
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Two Investigators produced instruments fpcusing on elementary schopl 
science, Toth (281) felt people need help' in determining which elementary 
science program is most likely to meet their needs and goals With this 
in mind he developed a nine category self-assessment iT\ptrument, As 
yet it has had little validation* Kaur (131) added another instrument* 
to those reported in past years which attempt to measure process skills 
of elementary children • As in most of the other instruments, observation 
and classification were the processes assessed. The two instruments are 
meant for use with grades one through three. Final versions of the test 
were administered individually. Reliability of the observation measure 
was reported to range from ,86 for grade one to ,94 for grade' thrfee. 
Reliabilities on the classification instrument ranged from ,59 for grade 
one to ,62 for grade three. Correlation between the two measures was 
,86, With this high a correlation between observation and classification, 
>hbw much do we know about classification? We think' it is reasonable to 
suggest that Kaur partial out the variance on the classification measure 
which is due to c^bservation and then examine whatsis left. That re- 
mainder, if any, may throw some light on classification as a process in 
and of itself, ^ 

In chemistry, Coley (54) reporteld that grades in a chemistry pre- * 
requisite course were better predictors of success in junior college- 
general x^ifemis try than was the Toledo Chemistry Placement Examination, 
Penna (208) correlated I,Q,, College Entrance ^Examination in Chemistry 
(CEEB), and the ACS-NSTA Forms, 1967 and 1969, fojc 30 students. For 
this small sample of student^ he found the correlation between these 
two national tests to be high, 

«» ^ 

* Stokes (263) found in college chemistry that students with lower 
aptitudes ultimately performed better on the ACS-NSTA, Form 1967, if 
they had short frequent tests. It made no difference to higher ability 
students whether the tests were spaced over longer periods. The total 
number yof it^ms responded to under ^J^feh&r condition was the same, only 
the timing of a4ministration differed. She reported that low ability 
students were more likely, in general, to make larger gains in chemistry 
achievement, regardless of test spacing. It is possibibe that'w^pt she 
was reporting was a simple regression effect.^ One interesting facet 
of this study concerns the relation between test spacing and student 
facilitating and debilitating anxiety as measured by the Alpert and Haber 
Achievement Scale, Students tested under the conventional pattern 
(longer intervals beti^een tests) demonstrated more situation specific 
maladaptl>/e anxiety. Drive for achievement was higher among students 
tested more frequently, 

Tilford (276) thought that Negro students in a black college would 
have different attitudes toward science than would white students so 
he developed a 3l^-item instrument to assess attitudes of blacks. Except 
for items relating to the role of Negroes in science, whites andM^^r^ks 
responded in the same way, 

Schofield (236) reported that^ teacl^ers in England encourage stu- 
dents to guess on tests and discussed the consequences of this advic^ 
for the interpretation of test results, Selmes (239) reported on the 
influence A-level biology has on attitudes to science. He contrasted 
Nuffield and noh-Nuf field A-level courses. • 
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Maddock (167) devefbped and tested an instrument to measure atti- 
tudes of Papua New Guineans towards investigation, control, and manipu- 
lation of natural phenomena. Versions were prepared in English, New 
Guinea Pidgin, Enga and Hiri Notu" languages . Reliability characteristics 
were satisfactory, Maddock found that formal schooling was creating 
an attitude gap between the young and the old. Science teaching probably 
contributed to more positive^ attitudes toward investigation, cpntrol, 
and manipulation than was the norm among the* elders. The procedures for 
constructing the various versions of the instrument might be instructive 
fot investigators Interested in multicultural aftalysis. 

Physics * » , 

Why should physics enrollments over th^ past five years be on a 
downward swing? This problem has bothered many people and provoked 
numerous speculative articles, but not very imich systematic investiga- 
tion that has shed any light on the subject. Perhaps the most interest- 
ign possibility appears in a study by Bridgham (35) who wondered whether" 
grading prac^iices of physics teachers differed from grading practices 
of other subject matter high school teachers. He found that a great 
disparity existed bo^ween physics and chemistry teachers' grades and 
those of teachars of other subject matters. • He suggested that, within 
limits, enrollment and grading practices may be connected. The dis- 
position of physics and other science teachers to be har^i graders, even 
.more so than mathematics teachers, warrants some examinati'on , 

Dietrich (66*) also examined grading policies by cbmparing public 
schools having high enrollments in physics with those showing low en- 
rollments. He obtained samples of students in two such schools ^nd ^ 
grouped them into four categories according to how their physics grades 
compared with their science grade point average and their overall grade 
po^t average. He confirmed Bridgham's report that physics grading was 
severe but could not attribute the difference in enrollment in the two. 
. sampled schools to grading practices. 

In a general survey of the status of high school physics, Ivany, 
et al. (126) found that, wKile enrollments in chemistry were beginning 
to climb » such was nat the case for physics, TheSe investigators also ^ 
took one week teaching samples' for four categories of physics teachers, 
those doing PSSC, Harvard Project Physics, something they called modem- 
traditional, and traditional in combination with pieces df new cur- 
ricula. We, may infer something about teaching Style that could be 
related to who enrolls in physics and why. Virtually all the teachers - 
in their study, except those doing Harvard Project Physics, had high 
direct modfes of teaching. They also found that the percentage of non- 
college bound students in physics classes was extremely low. In short, 
physics i9 not being made attractive to many students. In the course . 
of the study they interviewed teachers, cotinselors ,^ and students. 
Students ac^ally taking the courses had favorable attitudes toward 
s-^ence, and teacher background was better than expected, ^ 

0 One indication of the high school impact on decisions made by 
students when they reach college can be gleaned from a study by Broim 
and Elliott (37). They found that most of the l,lo8 students in their 
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college physics sample took physics because it ^yas required and not be- 
cause they were interested in it. Generally, students who had more 
favorable. responses toward their college physics courses were those who 
had taken physics ia high school. Female representatioif in physics 
courses is ridiculously low. They make the remark (37:54) that if more 
social, political and historical areas of physics were treated perhaps 
more females would elect physics. However, they fail to indicate 
whether their suggestion simply represents their conception of what 
women would like to study or has some basis in the data of their survey. • 

Pharrip (211) surveyed senior high school students in nine Connecti- 
cut high schools and found that most of those in physics classes^ did 
not elect it , they were scheduled into it h 

It. \|puld appear then, that membership in physics classes results 
largely frgm response to a dtaft. ^ 

Alkenhead (4) has gone off on a somewhat different tack. He 
examined the ramifications of good qualitative feedback. He used the 

^ MhNemar chi square item analysis procedure to identify areas of know- 
ledge and- specific ideas for which students showed a significaiit increase 
or decre€i3e in^ understanding over a period of instruction. Thus it was 
possible to develop feedback specific to a pro;Ject, a teacher, a stu- 
dent. Project Physics students, in contrast to other physics students 
in his study, appeared to eadiibit better performance in values of 
bclence, science-society interaction, science tactics, and function of,, 

* science. ' — 

If certain courdea do attain a reputation such that the students 
come to value science and to see its pertinence to society, perhaps 
enrollment in physics would increase. We_ do not seem to have any in- 
dication as to which courses over time prove most attractive to student 
clients, in short, beside the grading practice it may be that the con- 
tent and the mode of presentation all go to influence the student 
"mystique" concerning physics. '^Hockey (111) in his analysis of the 
Nuffield Physical Science Project concluded that .student involvement 
in individual projects appeared to be a positive factor in the Nuffield 
program. - ' 

In an. attempt to f±t^ ^)ut what 1^^ involved in learning and remem- 
bering physics, Shavelson (241) gava >pti^ude and word association 
tests, in addition. to a pf^^=*t^St, to a**feroup of 28 male students who 
received' physics instnictioii. Twelve controls got all the tests but 
no instruction. He foi^nd that abstract! reasoning ability predicted 
final scores after five two-hour phyai/ts sessions but not pre-test 
• scores. X'/hat would account for this difference? Shavelson surmised 
that students who performed well #on wis post test probably got the 
relev^ant ^concepts early in the instmction. If such were the case,^ 
thiSsia-i^^tudents would have more opportunity for rehearsal and application 
or Se concepts. Succeeding ideas i)resented by the teacher would be 
relatively less novel. 

It may be that physic's concepts-, being as heavily loaded with 
connections^ to other ideas as thely are, present some rather unique 
learning problems that ought to Be studied In more de]pth. Norwood 



er|c . 



■44 



^ c5 

% o ■ 

m « 

38 

-Rusaell Hanson^^ in Patterns of Discovery refers to physics terms or 
concepts as being heavily theory^laden . Thus, what we may be trying to 
do without Icnowing how is to teach a complex of relationships connected 
with each major concept* In contrast to less highly integrated dis- 
ciplines, these networks of relationships accumulate in successively 
moro comxiflex patterns. We do not know how t;o help people enter that 
network. A fey people do it naturally, but the rest will continue to 
suffer until we under is tand more about the nature of learfting in^dif- 
ferent subject matter areas. 

* 

For schools and colleges out to save money perhaps . time , 
Kemper's (136) comparison of semi-automated and traditional laboratories 
merits some attention. ' Students in both groups did equally well on 
measures *of achievement^ /and quality of laboratory reports.' 

. Le\ch (159) found that college students who took- part in what he . 
called" -divergent laboratory experiences in physics met more of the ob- 
jectives outlined by the Coimiiissioi;i on College Physics than did those 
in what was presumably a traditionally convergent laboratory. He 
failed to find out which kind of i^aboratory nurtured a taste for physics 
in what kinds of students. > ^ ' 

From hid study of College students enrolled in- a physics sequence, 
for non-majors, Spoeti (258) found that major themes such as symmetry 
and conservation appeared to produce desirable achievement. In this 
approach he concurred with the staff of the Conceptually Otiepted Pro;- 
gram in .Elementary Science (COPES) . 

In the United States it appears that we have a fairly well trained 
corps of physics teachers who like to ^teach in the high direct moVie 
and who give low grades. For students they have college bound typea, 
most of whom are in the course by necessity rather than by choice. 
According to the Ivany et al • (120) survey, teachers present both classi- 
cal physics and the development of theoretical models. Physics p^o-- 
grams developed with government subsidy are fairly widely disseminated. 

In Australia where PSSC has l^iad considerable dissemination, the 
picture appears to he similar [Gardner (82) , Goodwifi (89), MacKay (165)] 
The tenor of these Reports generally suggests that the Introduction of 
this new curriculum has produced some ohanges in the way teachers con- 
duct instruction. However, the laboratory facets of PSSC are not so 
well incorporated as the authors would wish. Goodwin (89) reported 
that there is a core set of topics and then electives which teachers 
can use in physics . • Teachers usually choose electives that build on 
thfe core and thus increase the chances that students .will pasa the 
state examinations. In doing their planning for physics instruction, 
colleges can only assume the core set of units. 

In thiB United States, Elizabeth Wood (301) suggested that the 
National Assessment Examination be used as a pre-test in physics so 
that teachers will know >rhat, they have to teach.. The examination 



l^Norwopd Russell Hanion, Patterns of Discovery . Cambridge University 
Press, New Rochelle, New York, 1961. 
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assea^^s knowli^^ge of fticts and principles, processes of science, nature 
of science, attitudes towaird science and scientists • 



Science and the Handicapped , » 

In this section we discuss the relation of education in Science to 
two groups of children with physical deficits, the deaf and the blind, 
and to a third group of students, those who come from Q.ocioeconomlc 
circumSftluices that appeaft to have handicapping consequences as far -as 
school performance goes. ' 

Boyd and George (30) found* that in 'a ten-^eek period deaf children, 
(ages 10-13) could learn to categorize pbi^ts according to their prop-? 
"erties . , The children who took part In^^^^jBvlties similar to those f ro^m 
the SCIS and SAPA elem'entary science pM^ama improved substantially 
their ability to categoriise. This is Jff^contrast to what has been the 
case for many normal groups which do not especially benefit from the 
early categorizing activities that characterize many" of the modern 
elementary science programs. Frestnnably children who ate physically 
normal learn categorizing behavlots through sources other than science. 
The fact that the 26 children in this study have reached 10-13 years of 
age without acquiring skllla noinnally lii the repertoire by 8-9 years; 
suggests an experiential deficit. * 

Linn and Peterson (160) used SCIS materials to teach classification 
skills to vlsu^ly Impaired students as well |is to what they called 
culturally diverse and middle class groups. Controls received no in- 
struction. Both the visually impaired and the cultural!ly diverse per- 
formed better after .instruction than did the controls ^ut the middle 
class group did not Although in this study the;^e is no indication 
that groups, were equated on age or aptitude, we nevertheless learn two 
things. Xf children do not know something,, they can be taught it; and 
if they already know the material there is not much point in teaching 
it to them. SCIS personnel have worked closely with- a school district 
in San Jose, California, to ad*apt the materials of SCIS for use by 
visually impaired elementary students. 

Nancy T. Lopg (163) tried SCIS materials adapted for the blind 
with 14 students in Washington,' D.C^, who ranged in age from 9 to 19. 
A matched group of controls drawn from San Francisco schools had what- 
ever science program was offered there. The experimental ^roup per-* 
formed at a higher level on three tests: Histograms, Systems and Inter- 
action, and .Science* Learning. Since these three tests are rather ^ 
specific to tiie content of the SCIS program and since the kind of 
scieilce, if any, received by the controls is not described, this study 
fails to tell 4^s much more than that visually handicapped students can 
learn SCiS content. Had the controls been in classes where SCIS was 
being taught then we might at least know how much the adaptations of 
equipment '^f or the blind helped them to learn. 

From the one study on the deaf and two on the blind we infer that 
such students can learn some simple science. We also infer that direct 
manipulative experience given much earlier in the development of handi- 
capped children might help to reduce the magnitude of the deficits in 
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performance which handicapped students often exhibit. In a separate 
article published Mrlier (1972) Linn^^ reported that blind children 
using SCIS made substantial gains in attaining both process and content 
objectives. o 

I We suggest that careful clinical-type studies of how blind and/ 
lor deaf children learn science could cast some light on the learning 
, processes ^ physically normal children as well. 

\ Rowe (231) suggested tljat some ghetto children could be thought of 

'^s func4:ionally deaf if tlfey were markedly deficient in the language 
used for communication in schools. Words without meaning fall on deaf 
ears (Chapters 5, 12 and 13). The highly manipulative nature of ele- ♦ 
pent^ry science programs might be the means for bridging the communication * 
gap^ if indeed one exists. Cooper (57), for example, found that Latin 
American students enrolled in physics at the University of Texas achieved 
higher scores when taught in Spanish than when taught in Engliffh. He 
also- found that a good deal of English could be introduced witjiout im- 
pairing achievement in pHysics. 

Krai (146) introduced ESS (Elementary Science Study) units as a 
supplemental science program to his experimental group and provided a 
placebo consisting of films, current events and discussions to his con- 4 
trol group. He found that both Indian and non-Indian students in the 
experimental group scored higher on the standard achievement test than 
did their control counterparts. Students from higher Socio-economic 
backgrounds benefited more than did those classified as low socio- 
economics Non-Indians scored higher than did Indians. Had Krai used 
a multiple regression procedure, we might have learned how much' vari- 
ance on .the achievement measure was. contributed by each of the back- 
ground variables. Such information would have much more diagnostic 
use than the set of 2 x 2 factorials he employed to compare groups. 

In an interesting pilpt venture, Elizabeth Wood ^(302) rewrote two 
exercises from the National Assessment pool of items and tried them 
out with both inner city and affluent groups. She found that the pat-' 
terns of answers were influenced by the*" form of the 'questions . She 
also suggested that items cpuld be set up in such a way as to yield 
more diagnostic information^ While the size of her sample was too 
small to make any generalizations, there is at least a suggestion in 
this study that National Assessment items may be stated in a way that 
helps one group more than another. ^ 

In a neatly designed investigation*. Huff and Languis (118) showed 
that exposure to SAP A, Part A, imnroved the oral communication skills 
of disadvantaged kindergartners . iThe early levels of modem science-- 
"programs put emphasis on classification. Disadvantaged children ap- 
parently benef^'t from, this experience but middle class children usually 
already can classify and show no distitfctive gains. 



-^^rcia C. Linn, "An Experiential Science Curriculum for the Visually 
.Impaired," Exceptional Children , Vol. 39, No. 1, September ^ 1972 , 
pp. 37-43. 
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' Klechard (22A) used a regrfesslon procedure to relate variables of 
Inner urban, outer urban and rural farm kinder gartners to. performance 
on a Life Science Concept Acquisition Test, I.Q, and chronological age 
were the, best academic predictors while the mother's years of schooling 
was the best soclo-ciiltural predictor. Time and ch^ge concepts were a 
big source of variation. In this study as In others, we find that know- 
ledge of iion-dlsclpllnary concepts such as "opposite, under, before, 
different i change" are keys to performance. 

Johnson (125) did a somewhat 'similar study In which he related the 
categorizing performance of high an<i low socio-economic status klnder- 
gartners tq background variables. The pooy did not perform as well and 
exhibited more perceptual dominance In their catetgorlzlng processes. > „ 

Case and Fry (48) found that low socio-economic lA yeat olds ^ould ^ 
learn to design and conduct experiments and to evaluate outcomes if 
they were given the c;liance. Using a demonstration interview technique, 
Donaldson (67) examined 64 Headstart klndergartners and nursery school 
boys and girls (half 6f whom were black) regarding their understanding 
of rockets, seeds, human growth, evaporation and electricity. She 
found no differences between rac^s but significant differences between 
members of different socio-econoMc status. Again we seem to see evi- 
dence of a deficit steimnipg from the envirpnment. However, we cannot ^ 
be entirely comfortable with this interpretation because she reported ' 
that Boys did better than girls. This raises a question: is the effect 
of differential cultural conditioning of the sexes equivalent to forcing 
a deficit environment on one of the sexes? Donaldson also made some 
interesting observations on the non-verbal behavior of the children. 
Rockets provoked more non-verbal expression than did other topics. The 
children in her sample knew most about^electricity and least about 
evaporation. * 

Ayers and Ayers (18) studied the impact of SAPA'on the rate at 
which 20 Appalachian klndergartners acquired conservation of numbers, 
liquid, volume, solids*, lengths, weight and ar^a. Since their 20 con- 
trols who were nd^ exposed to SAPA had not developed as extensive con- 
servation behavior, they concluded that the rate of attainment^ was in- 
fluenced by the program. 

David Allen (8) evaluated a program at the Franklin Institute in 
Philadelphia where students from pairs of schoolc having different 
racial and socio-economic backgrounds learned science together one day 
a week. Thirty schools ^articlpafed . '.He examined student interactions, 
did sociopietric studies, gave achievement tests and semantic differen- 
tials. In some cases parents participated. There ^was a general in- 
crease in sensitivity to environmental problems but not much evidence 
that the mixing of students in this kind of science setting for only 
six days did much for c^tudent attitudes. 

Acting on the assumption that the out-of-schoQl science Interest 
of children might form a basis, for building a school program, Matchanikal 
(175) sought to discover the preference patterns by sex and by race of 
pupils in grades seven and eight. On the Interest Inventory, principal 
component analysis followed by varlmax rotation led to the identifica- 
tion of nine independent 'factors: academic, nature study, mechanical 
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hobby, biology experiment, drugs, cosmology,^ environmental, and high 
verbal. Whites, Matchanlkal noted, preferred activities inspired by 
inquiry and experimentation. Blacks preferred the more tij.adltlQnal 
academic types of activities. He noted that expected lowcjr interest of 
girls simply did not occur. Girls expressed a ]iiigh degreej of partici- 
pation. A few traditionally sex-associated interests were reversed ±n 

this study. ^ '^n 

/ 

X Shipe (247) cb|n eluded in his study that non- col lege bound students 
^ip.^JConnecticut did hot adequately learn the major ide^s in biology. 
With I.Q. controllei[l, he reported that students in traditional as com- 
pared with BSCS biology were more likely to catch the big ideas. Males 
were more likely to: learn what he called "pr incepts" than were females. 

In an examli^tion of individual problem solving behavior, fiilbert 
(86) found that boy^ in both low and middle socio-economic groups at- 
tempted to explore more alternatives than did girls. More of the 
disadvantaged children s^^^ed to be frightened and frustrated by the 
task which consisted^i^f retrieving a piece of candy visible under four 
stacked concrete blocks* l^ere we again find ourselves coming to the / 
conclusion that the grpup of children who most need science the early 
year Sw of school are the socio-economic and culturally handicapped. 

Rowe (230) reported in a symposium on women and science held at the^ 
international science convention in^Mexico City in June of 1973, that 

i girls who had takeji part in SCIS for several years perf orm«d with, science 
materials in the same manner as did boys. She also interviewed 12 female 
graduating seniors with majors in physical spifi^ces to determine what 
difficulties they encountered as minority members of their departments. 
All 12 had jobs in industry, and wepe interviewed separately. All 12 

• described protracted jibing behavior from teaching assistants as well as 
from certain professors. Possibly the more difficis^lt slashes came from 
their sorority classmates who constantly charged thW*with being in 
piiysical science because i^ was a good place to catc^i a man. All 12 ^aid 
that the cumulative impact was to force them^ to beco&e more self-reliant, 
to ask fewer questions, and to find their own solutions to problems. 

Jackson (121) studied seven predominantly black colleges to find 
out what institutional characteristics affect learning outcomes of 
prospective science teachers. She reported that the quality of teach-' 
ing and faciilty-s,tudent relationships as well eis student perception of 
the level of scholarship demanded related to performance. 

We then cbme to conclude that children ftbm minority groups seem 
to benefit from intervention programs; females perform as though they 
come from a handicapped group. Clearly we need mofe careful diagnostic 
assessment to learn how best to help children in ^these groups. Possibly 
the part which institutional expectation fdr performance plays also 
ought to be examined. 



Education, Characteristics and'Behaviors off Teachers 



The number of studies devoted to research on teachers and their 
education has more than doubled since ikst year. The 60 or more studies 
reviewed fall into clusters • In the tekcher education group, ten ap- 
praised tHe effects of special projects such as Academic YeaY Institutes 
and School-College (Jboperatives (both NSF funded categories of inservice 
education) on t^eacher behavior or attitudes. • ' 

The second group of iipiestigations focused on personality, roles, 
and/or behaviors of teachers. Approximately 15 studies examined the 
relation of teacher behavior to student achievement. Many of these 
utilized classroom interaction observations to analyze teacher and pupil 
communication- Another cluster focused on affective aspects of the 
teaching process. 

r ' 
Teacher Education ^ 

While many of the studies reviewed lack some rigor, they io suggest 
that novel training experiences produce some changes in teacher percep- 
tions of ^ne kind or another. Unfortunately, they do not show us 
whether these are temporary perturbations or how action in the class- 
room relates to a particular set of attitudes or perceptions. Neither 
do they indicate what ingredients in the training might account for 
specified changes. This kind of analysis, even post-hoc , might eventu- 
ally help us uncover some persistent patterns. 

Six studies which explored the impact of N§F institutes on partici- 
pants, are reviewed first- 

Berger (27) al;tempted to distinguish betv/een the impact of train- 
ing and the impact of experience on teachers' role perceptions. He 
identified four groups i 1) teachers not exposed to SCIS, 2) teachers 
not exposed but beginning an institute, 3) teachers who completed a 
two or four week institute, and 4) teachers who completed a four week 
SCIS institute and had one year experience teaching the SCIS curriculum. 
Responses on the Predicted Role Measure (PRM) were categorized into a 
teacher-oriented cluster, a student-teacher cooperation cluster or a 
student-oriented cluster. 

Multivariate analysis revealed ^o significant differences on PRM 
scores between the no-SCIS instruction group and the pre-SCIS instruc- 
tion group. Multiple contests Intervals indicated that the signifi- 
cant differences found between pre-institute (1 and 2) an^ past insti- 
tute groups (3 and 4) were largely due to the teacher-oriented cluster. 
Teachers with one year's experience teaching SCIS responded on the PMR 
in the same way as those teachers with SCIS training but with no SCIS 
teaching experience. In other words, the SCIS-exposed groups differed 
from the no-SClS groups, but the contribution of experience to the 
.response scores on the PMR appeared to be Mnimal. 

Bridges a£ al. (34) evaluated the Cooperative College-School 
Science Improvement Program to prepare teachers to teach the DISCUS 
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program. (The DISCUS pro'gram Is a junior science curriculum designed 
for and taught to underachlevers in Duval County, Florida.) The treat- 
Bj^t group of< students demonstrated a better understaiiding of science - 
and showed improved science achievement . The purpose of this study 
w^^to show thdt these effects were not due to treatment alone but were 
a result <of treatment plus ^eacher training in the CCSS program. Trained 
teachers compared to non-trained teachers provided more student involved 
'inent.,j4ess> external discipline control and more student-centered instruc- 
tion. Additionally, trained teachers lectured less and used signifi- 
cantly, more concrete image provoking behavior than did non-trained 
teachers. 

Two other studies evaluated the effectiveness of NSF-funded Co- 
operative College-School Science Programs. In a pretest ~ posttest 
design, Pempek and Blick (207) found the project beneficial in changing 
elementary science teachets* attitudes, particularly thosfe with weak 
science backgrounds. The Pempek Teacher Behavior Check List assessed • ^ 
v-^k change^ in classroom behavior .as viewed by t^e student while the Pempek 
Teacher Attitude Scale measured attitudes tdward science, science teach- 
ing and th^ scientist . Pempek and Blick sought td connect teacher at- 
titudes with teachej: behavior, a laudable objective. Although a 
significant change in attitudes apparently took place, no significant 
change in teaching did. They speak of a positive but non-significant 
change in teacher classroom behayior. A statistically non-signifl>cant 
change is non-significant, regardless of its direction. In other woyds, 
the change ^hich they report as positive simply has no meaning in this 
context. ^ 

- ■ 

In contraStei;;to the Pempek >md Blick itudy where attitude changes 
were not accompanied by classroom behavior changes, Smith and 5mith 
(255)^reported that teacher self-assessment was correlated with student 
perceptions in !a pretest - posttest, control design. Project teachers 
experienced significant change in their perception of science instruc- 
tion and their students perceived a change^ wlfd^h was greatei:^ than that 
perceived by the control group students. Thus, we have some'^^evidence 
of transmission of training into the classroom context . 

Two descriptive dissertations by Macon (166), In North Carolina, 
Dyche (69), ii^i Montana, examined the impact of AYI programs on ' 
participant characteristics. Macon simply characterized the teachers 
beforehand after institute training. From information on registration 
forms and questionnaires, he concluded that the AYI experience in- 
fluenced participants to increase mobility^ leadership roles and pro- 
fessional ac*tivities and status . Conclusions of this nature are some- 
\irtiat unwarranted as there are no means of determining whether partici- « 
pants had already entered^into a period of transition prior to the 
institute or whether their aspirations changed as a result of the 
,experienci&. , • 

Dyche (69) , in a better designed study, used a control group in 
a follow-up study of participants. Data from a questionnaire discloseH 
that ^Institute teachers versus their non^institute counterparts spent, 
more time in laboratory investigation, changed to an inquiry philosophy 
and made greater use of BSCS materials.. The institute participants 
also read more scientific journals and gained new insights into teaching 
as a result of associating with other AYI participants. 



ERIC 



51 



0 



45. 

.,0 • . / • 

•Other project-associated research resulted In an array of putcomes. 
Orgren (204) compared teacher strategies employing the New York State 
Regents "traditional'' syllabus -and the new 1970 revised Earth Science 
Syllabus* Using a two-way (group x time) factorial 'design, Ofgren found 
that teachers who opted to' continue with the old syllabus differed sig- 
nificantly from those who volunteered to switch to the new syllabus and 
from thtise who*had prior experience with the new syllabus in respect to 
teacher strategies, teacher educational opinion, student achievement and 
stud^Ot process performance. When all switched to 'the new syllabus, 
there wei:e no significant group differences in student achievement gains. 
It is interesting- to speculate as to why thepe different entering atti- 
tudes of teachers nevertheless failed to produce .differences in the per- 
formance of students*. Moreover the students' ability to employ the 
processes of science did not improve through exposure to the new syllabus 

Two separate studies by Milson (185) and Almas e (11) also jrevealed 
that teacher behavior and attitude could be modified by inservice courses 
Milson looked' for attitude changes in secondary science teachers as a 
result of A short course on environmental quality. Statistical analysis 
of questionnaires indicated a significant change in teacher responses to 
items relating to environmental 2tttitudes and environment|iJ. management. 
Unfortunately he failed to find out whether tlie^ teacher attitude changes 
he obtained resulted in any difference in classroom content introduced 
or in methods of instruction used by the participants. 

^ Almase (11) assessed the effects of a six weeks inservice biology, 
methods course in Cebu, Phillipines In this inservice project the 
objective was ,to modify teacher behavior in the direction of more stu- 
dent involvement. Here we meet an interesting problem in prediction. 
Which of two performances on the Teaching Situation Reaction Test better 
predicts what a teacher will do in the classroom? This test proved to 

.be a poor predictor of teacher shift toward indirectness. The Processes 
of Science Test was a better predictor for change toward a process 
orientation. 

t) 

' In a pretest - po!9ttest matched-pairs desi^ meant to influence 
career decisions, Conradson (5^6) explored the effect of actual class- 
room experience on attitudes of prospective teachers. "The^-experimental 
group spent three hours per week for twelve weeks with a mAster teacher. 
Thirty-two matched pairs finished the experiment. Classr6o?a experience 
apparently made an impact. Members of the experimental^ group gained 
a realistic view of teaching. She also found career decisions were in- 
dependent of age, sex,'class^ or grade point average. 

A few researchers investigated the effect of different instruc- 
tional strategies on teacher attitudes toward science and science ^ 
. teaching. Onfe auch study by Mitchell (186) compared three groups./ 
Two of these were instructed in the didactic approach and one, the ex- 
perimental group, received instruction designed to affect attitudes . 
and perceptions toward science teaching. The author rep6rted that 
trends in the data seemed tg indicate that the experimental group 
responded positively to instruments measuring the inquiry approach, 
teacher-pupil rapport and, interest in science/ However, the dif-. 
ferences were not significant, do. the direction of the. trends caft have 
no meaning at this point. ^ * 
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» Jn a similar study Kennedy (137) , using a one group 'pretest-post- ^ 
test design^ focuded on differences in attitudes of preservice teachers 
who received process approach Instruction. Differences in pretest- 
podtte^t scores indicated process approach instruction effected changes 
in attitude toward science Instruction in a, positive way. Again, it 
would b§ nice to know how these changes in attitudes correspond to ^ 
teacher behavior. ^ • 

Sabiiilio (234) was also interested in the effect of process approach 
instruction for. developing attitudes and competencies in Cebu, Philli- 
plnes. Upon complation of the physical science course, Sabulao found 
significant Improvement in ppmpetencies of prospective teachers, but no 
•significant improvement in thVir attitude toward teacher-pupil relations 

Pizzlni (214) analyzed the effect of the lowa-Upstep I & II pro- 
grams and found them to be effective in contributing to positive growth 
in self-concept, science teaching philosophy and attitudes toward edu- 
cational concepts. 

In a correlational study, Kuhn (150) found that students with 
higher grade point averageg^^^^jenerally excelled in science teaching com- 
petencies. • Positive corrf^safetons also existed between set induction 
; conq)etencies and preservi^if^jlcience teachers' attitudes toward science. 

^ . ■ . -ft 
; Of the remaining studies in teacher education, several propose 
programs for teacher traliiing» • Reports of this nature do not tech- 
nically qualify as research. Typically the procedures for deciding 
what should be included in such programs come either f rom 'curriculum 
guidelines or from surveys of experienced teacher^ or occasionally <Se^ 
to be decided by fiat. / ' . ' 

■ y 

Thro|ugh a survey of 5Z classroom biology teacher a, Beisenherz and 
Probst (26) identified 154^ techniques and skills to be incorporated 
into a preservice and inservice program for biology teachers. Subse- 
quently, they organized a technique and skills course that could be 
pursued in an individual format. 

In two studies Qutubv. (216) and Wall and Qutub (296) surveyed 
academic preparation of earth science teachers in Massachusetts and 
Wisconsin. As is almost always the case in such surveys, they declaredf 
that preparation was inadequate and recommended changes • 

Youngpeter ' (306) examined the role of science museums in ele'mentary 
teacher education. As a result of the investigation he prepared a 
checklist as a guide for people who want to set up a museum or tp ^ 
evaluate an ejci^^^jig one. * ^ 

Five other reports fall in this general category: Phung (213) 
prepared a program for training secondary school biology teachers in 
the Mekong Delta Region of Vietnam; Thollairthil "(273) analyzed and 
evaluated science teaching in Nigerian schools^; Dixie vf. jdnes (126) 
evaluated secondary education prograips at; the University of New Mexico; 
Gary Bates (25) developed a sequence of films, "The Classroom Vignettes," 
for teacher training; and C. T. Abraham (2) studied the NSTA Book 
Review Program. ' " s ^ * 



^ • * 47 

Teacher Verbal Characteristics ' 

The Becond category of researcji concenilng the teacher d^ajs 
specifically wltji' how teacher characteristics Influence student outcomes • 
A large part of the^e Investigated teacher behavioral sti;ategles and 
. styles. V . ■. '^i^- ^ • 

Several studies examined teacher verbal behavior artd Its Impact on ^ 
Student responses and, achievement . Exemplary of this type ate dlsser- ^ 
tatlons by Aagaard (1), Novak ,(200) , Anderson. (13) , ^and q^asas (49) . 

'Aagaard*s (1) primary Interest lay In the^^effect of oral question- 
1 Ing of 14"' high school chemistry teachers on student achievement. ?our 
teachers taught In the exposltory^mode and ffea In an Inquiry mode. Of 
the latter, five used cognitive memory questlcms and six used high 
level questions. Analysis of variance and multiple regression techniques 
revealed that, with I.Q. pTartialed out, high-|evel questioning techijiques 
resulted in sUgnif icantiy higher achievement,^ 

Babikian (19) related teacher question patterns in 8th grade sci- 
ence to student performance. Two methods, one in which the teacher 
' . asked and answered questj.ons with students taking notes , and one where 
> teachers asked questions, gave partial answers a^d students filled in 
the rest, were compared. Children played a more active rOle in the 
second method and also demonstrated higher achievement. ^ % * . 

"In a study of teacher questioning behavior by Arnold et al ; (14), 
lapse time or pause behavior between teacher-student exch^ges averdged 
two seconds rather than one as reported by Kowe (231). They found, as 
she did, that whether the questions were complex or aimple, the mean 
pausing time seemed to be the same. Additionally they foun^ that ques- 
tions of a specific level elicited responses of a similar nature. - 

In wor]^ which is consistent with the results of wait-time studies 
reported by Rowe,' John Novak (200) focused on the effect of timed - 
student responses on teacher behavior as examined by audiotape. Sta- 
tistical results^ndicate that timed responses changed teacher behavior 
significantly in the direction of less teacher talk and lecture. Novak 
reported no problem with students giving accurate timed responses which 
jLn turn resulted in more overt student involvement in the qlassroom. 

In another study which involved silen<je as a variable, A^ddrson ^ 
(13) found that this factor related significantly to all his outcome 
variables: namely, scores on The Minnesota Tfest of Creativity, Metro- 
politan Achievement Test and Test Your Imagination measures.' He 
examined th^ relaTlonship between measaares of classroom ver^ inter- 
action and measures of divergent thought and problem solving. Based 
on scores on the Pupil Attitude Inventory, ten high, ten middle, and 
ten low classes were selected for study. ] Observations were coll|pted - 
using Flander's interaction system. From this, four instructional 
variables were* defined: pupil-initiated talk Mesh, PIM; pupil-directed 
talk Mesh, PDM; IDEAS defined as the frequency of teacher ^^talk En- 
couraging and expanding" students ideas; and the ratio of silence to 
silence-plus-condifion (lOR) , ' PIM and IDEAS contributed to scores on 
the creative per^mance measure. Anderson concluded that the use of 
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pupil^iiiitiat<^d Ideas, teacher talk (IDEAS)* and the use , of alienee and 
seat- work facilitated bpth academic and creative performance* 

Another inteteoting dissertation employing systematic observation ^ 
of classroom-teacher interaction was done by Yoeh (305) who explored 
the feffect of clasg-teacher behayior associated with televised science 
instruction. He ordered classroom behavior into six-lev^s of cognitive 
content and five levels of affective content. There was a strong indi'- 
cation that students' performance on a criterion teat fwas related to 
teacher skills in use of questions^ and reinforcement of cognitive re- 
sponses. In this study, which sh^s some effect of attitudes on behavior, 
Yoeh found that teachers ^ho strongly integrated T.V. aclence with class-* 
room science had. classes which performed significantly better on achieve- 
ment tests than had teachers who did not favor T.V. instruction. 

^ ■ . 

Sister Chasas (49) also examined the rela^tionghip between teacher- 
student verbal Interdiction and critical thinking abilities using 
Flander's observation system. The 8t;udy population consisted of 12 
Puerto Rican college biology classes . All measuring Instruments were ^ 
translated into Spanish. The types of interaction included lecture, 
discussion with broad questions, and discussion with narrow qyestions. 
The Watson-Glaser Critical Thinking Appraisal and the Nelson Biology" 
Test were outcome measures*. She found no significant relationship 
betweon critical thinking ability and teaching method. Adjusted mean 
scores showed discussion with broad based questions to lie slightly higher 
than the other methods. Lecture produced greater achievement than dis- 
cussion with narrow questions. It would be Interesting here to haVe 
the number and typ^s of questions quantified. 

At other points throughout this reyiew as well as in earlier re- 
views » the Watsdn-Glasef Test of Critical Thinking has appeared over 
and over. Yet it rarely produces useful information for tlie ^hort term 
situation in whic^i it is usually used. If the test measures a per^ 
siQtent quaiit)^, i.e., has traifc characteristics, it is unwarranted In 
the face of the multitude of evidence to expect it to be tespbnsive to 
short--terqi treatments. We see* for example, in the Chasas study, as 
we might expect, the Nelson Biology Test is sensitive to the treatment.' 
In contrast to the Wataepn-Glaser. Test it has the quality of a state 
.variable. , g " ' ^ 

In high school chemistry and general Science classes. Wolf son (300) 
found that standard achievement scores were related to the teacher'^ 
indirect-direct ratio. Students of teachers rating high on indirect- 
ness attained higher achievement scores. 

In an interesting experiment, Jacobs (122) .utilized Flanders inter- 
action as an observational learning experience under th^ pretense Of 
evaluating a program. Thirteen teachers were trained to record the 
behaviors of master teachers using a Flander's grid and the Indicators 
of Qual£ty (I.O.Q.) measufe% The master teachers were meant to serve 
as models for the observers. Thirteen other teachers did not get this 
experiences Thd ^tef^al behavior of both groups was then examined. 
^Analysis of pre and post treatment audiotapes showed significant changes 
in the *verbal behpvior of. the experimental grgup . This is an exciting 
study in all but one respect. Noticeabl^T lacking is a reference to the 
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theoretical framework upon which modeling Is based. Although It Is 
essentially a study of observational learning or modeling as described 
by Bandural^ and others, there Is^no reference of the theoretical under- 
pinnings of the study. Lack of a conceptual model Is the most prominent 
criticism of the studies reviewed In the teacher section. 

In an interesting series of studies' of which the onc^ reviewed here 
Is* only an aspect, Campbe^ (46) ha8^^dgveloped^ procedure for examining 
the Influence of chains of teachers l^ehav^rs . Campbell has developed 
a technology for describing sequences of d^lns of teacher behaviors. ^ 
Events in a cl^sdroom are not dlsci^ete* Certain sequences of moves may 
be more productive* tl)|m others. Campbell has provided a means for a 
more careful analysis of the teaching process. He, also, finds wait 
tlm^^as an Influential variable. This technique of inacro-analysls al- . 
lowed h|]ji to produce further verlflcatfdn of Itowe's work. Along with 
Chalker-'-^ he found ^hat a population of junior high School teachers gave 
less response time ^o poor students. Chalker found that teachers who 
rate higher on a dogmatism scale esthlblt shorter pauses. 

Smith (254), who had developed a classroom observation Instrument 
referenced apecif 4-cally to the Earth S^clence Curriculum Froje;ct, studied 
three ^'teachers each for two weeks to determine the extent of ptoject 
usage. This technique^ Is potentially useful as a measure of degree ^^f 
project implementation. ^ . «. ^ 

In evaluating a program It would be desirable to have some measure 
of Its degree of implementation before jumping to hasty conclusloifs 
leased on achievement oi^other measures. Smith's Instrument is one 
example of a device meant to be specific for a particular program. We 
would encourage the addition of similar measures to evaluate studies. 

Van Alst .(286) investigated the effect of influencing teacher and> 
student expectations on student achievement In high schoql bloil^gy. 
Treatment consisted of one week's counseling of 'individual students by 
guidance counselors and of teachers by researchers. No significant 
differences were found in any variables, sex, ability leVel, etti., 
except possibly for the Interaction of study ability x teacher ability 
X ability level. Van Alst concluded that influencing expectations was 
complex and difficult. However i one would riSt expect a one-shot coun- 
seling session to be of very great influence. 

Vannan (289) described responses of students in a graduate jnethods 
course ^having to read and critique doctoral dissertations. Response 
was favorable but students generally lacked background in experimental 
Qesign and statistical background. There is no indication made as to 
whether this will Influence practice or not. 



^^A. Bandura, Analysis of Modeling Processes in Psychological Modeling, 
New York: Aldine-Atherton, 1971. ' 

^^J. W. Chalker, "A Study Using Interaction Analysis of the Relationship 
Between Teacher Dogmatism and the Reflective Method of Teaching Social 
Studies," Unpublished Doctoral Dissertation, University of Pennsyl- 
vania, PhiladeJ^phia, May, 1972. 
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In 4an : exploratory kind of study, Lawlor and Lawlor (153) sought to 
examine the cues teachers use to categorize students into high, medixim, 
and low ability groups. They exposed 72^undergraduates to two ten- 
minute video-tapes of children working science taska- The presetvice 
teachers 'Were then asked to rank the students on perceived ability. 
What is interesting in this study is the degree of agreement among the 
teachers on which children were high ability and which were low ability. 
The Lawlors sought to discover what observaticj^s led to the racking and 
found that the 72 people mostly stated in^rences with no connection to 
specific observations* In short their ^udy raises the question of how 
judgements are formed and suggests that it may be useful to teach some 
kind of observation system to people. 



Teacher AlUiudes and Values ^^ Jgj.^ 

^ A number of studies in this last grgup concern the attitudes and 

values of science teachers. Unfortunately not enough of these studies 
seek to show whether any correlations exist between the attitudes 
teachers hold and the way they teach. 

In' Australia, Tisher and Power (278) designed a study to compare 
values and practices of netxperienced teachers and prospective teachers 
with values specified by the Australian Science Education Prbject.' 
Findings ixi a preliminary report showed' teachers divided into -three c ' 
groups : those who were congruent with AS£F and valued the problem cen- * 
tered approach, open ended discussions and warm student relations; 
those who held dissonant ASEF values and wanted a narrowly defined 
curriculiuQ and a teacher doiiiinanted ^classroom; and those who valued^ ^ 
warm student relations and a broad curriculum but felt the curriculum . 
should be teacher dominated^ 

In a second AustraliaSa study, Symington and Hawkins (269) compared 
the valueg of Australian and British science teachers using the Nuffield 
Curricu^m. They found bath groups valued the ability to observe, to 
classify data and to communicate ideas . ^ . . 

Instead of investigating values that teachers hold, Bybee (45> _ 
compared three groups of students to see which teacher characteristics ^ 
they valifed most. The three groups (advantaged, average, and disr 
advantaged) di^ not differ in. the things they valued. The mosty highly 
valued characteristics were goocl t^^nicher-student relations and enthu- 
^ slasm in working with students. Amount of o teacher knowledge; orgkni- 
zation and pl^anning were relatively unimportant characteristic^.. 
Valued least by all groups waS the instructional method employed by 'the 
teacher. ' ' . 

Shrigley (248) examined th^ connection between attitudes and know- 
ledge. Correlation between these was found to be low among preservicfe 
science teacfiers. He concluded that variables other than the level/of 
^ cognitive content were influencing attitudes toward science. 



Three investigators attempted to isolate specific traits of science 
teachers that characterized effective teaching. Main (169) compared 
science teachers and non-science teachers in relation to tether 
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effectiveness* Sciente teachers were shovm to be moro reserved, calm, 
matuxe, taciturn, self-sufficient and resourceful than were other 
teachers. Female science teachers demonstrated greater warm-heartedness 
and outgolngness than did their male counterparts. Unfortunately this 
study falls short of being useful because the author did not relate 
personality variables to differential teaching practices Or to selective 
interactions with students of like or different personality conf Igura-* 
tion8« 

Taylor (271), in a related study, went to the next step and cor- 
related critical thinking ability with two teaching methods; namely, 
activity-centered teaching and textljook-centored teaching. Discriminant 
analysis techniques classified teachers into the two groups. Activity- ^ 
centered teachers were inore self-sufficient, affected by feelings and 
suspicious than were textbook-centered teadhers. Again, as in the Main 
study, females were found to be more tender minded and conscientious 
while males were more assertive and experimental, A question raised 
here is Whethe^ there is a preference by males or females for one teach- 
ing method or the other. In the cognitive domain, activity-centered 
teachers scored Osignlfi cant ly higher in* the ability to recognize in- 
ferences and assumptions and, overall, scored higher on the Watson-Glaser 
Critical Thinking Appraisal. The number of units in science courses 
corr^la^zed highly with scores on the critical thinking measure. 

Okey (202) studied the effects of Bloom's mastery teaching strategy 
on teacher attitude and effectiveness. 'Teachers in a graduate science 
methods course v^ere taught mastery teaching strategies which they sub- 
sequently Implemented into their classrooms. Okey found that the* ex- 
perimental -group o^ teachers demonstrated significantly greater positive 
attitudes. Pupil posttest results indicated that students of the mastery 
teaching group scored higher in achievement than did the pupils of the 
control group. * 

Lazarowitz (155) developed a technique for determining attitudes 
of secondary science teachers toward inquiry. He developed ' and vali- 
dated two instruments. Inquiry" Science Teaching Strategy (iStS) and the 
Personal Data Form (PDF), for the study. He found teachers with favor- 
able attitudes toward inquiry tended to be older ^ female, to hold ad- 
vanced degrees and to t^ch specialized cUsses and it use new curricu- 
lum material in the classroom. Interestingly, he found that formal 
research experience related highly to positive attitudes toward inquiry. 

Gessner (85) examined medical school faculty effectiveness by ' 
comparing student ratings, class exams and national ^xams. He found 
that student ratings and national exams correlated. In other words, 
teachers whose students performed well. on the national exams were also 
rated high by student^,. Scores on class exams did not correlate with 
student ratings on faculty members or with national exam scores. 

Jackson (1^1) raised the question, *^at effects do black colleges 
have on prospective teachers?" by examining the institutional char- 
acterlRMcs of four predominantly black colleges. Performance of 
prospective science teachers related significantly to scholarship, 
awareiiess and quality of teaching and faculty-studkpt relationships. , 
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*A study Manning (173) also focused pii Science faculty xoembero 
in black colltges. She investigated motivation and job satisfaction 
and .found, amgng other things, that, the colleges recruited predominantly 
from their own geographic area. Most teachers had some other work ex- 
perience priqjr tg taking a faculty position. Blacks comprised less 
than 50 percent of the science faculty in 67 predominantly black insti- 
tutions. Tl^ primary interest of most of these faculty members lay in 
classroom teaching rather than in research. Most were satisfied with 
their positions and expected to continue, . " 

Studi^ by Al-Ani (7), Bowman (29), Brai^t (32), DeGroote (63), 
Frosch (81J, Geisert (84) , Hoagland (110). , Traughber (282) and Walker 
(292) wer^also reviewed. * * | 

Values #icl Philosophy * ^ \ 

In 1 paper, "Social Origins of American Scientists and Scholars," 
Kennethlkardyl^ provided data to show what cultural influences (^regional, 
religious, school type, etc.) operate to produce . larger numbers of pro- 
ductivil^scientists,- He presented a table of contrasting values which 
distiiKuish hiijh production from low production groups, "These values 
probatfly undergird the cognitive and motivational orientations of the 
individuals.,," (p. 503). People of middle level productivity hkd leas 
str<^ positions on each of the values associated with high productivity 
• tha^did their peers in the high productivity category (see Table II)- 

^ If we took the framework of values which seems to be(Wpirically 
V ccfinected to- creative output and asked what values do we explicitly or 
illicitly communicate in our science, what would we find? 

^ Munby (194) developed and tested a scheme In 14 classrooms for 
^^etting at some part of the answer "to this question. He chose instru- 
j/m^talism and realism as two views of science and intellectual depen- 
^ dence and independence as values influenced by modes of teaching. The 

combination of epistemology with the analysis of teaching in which ^ 
transmission of values are the focus should receive more attention. 
We found only two otljer studies that related philosophy of science to 
the psychological dimenaions of values and valuing. 

Hudgjins (117), who was interested in taaximlzing man's potential 
to inquire, made some interesting contrasts between Dewey's pragmatism, 
a philosophical .position, and Freud's conceptjions of psycho lanalyais. 
Hudigins maintained that psycholanalysis promotes the kind of self- 
knowledge that makes a person potentially a more productive inqyirer . 
How tQ translate this analysis into a series of testable propositiohs ^ . ^' 

is probably the next prol^lem Hudglns iaces. ^ ' 

Obenauf (201) related personalized knowledge and the scientific 
process in an holistic conceptualization of inquiry. She attempted an 
answer to the questions ,. "How do reason and methodology partially 



J^^R. R. Hardy, "Social Origins of American Scientists and Scholars," 
Science, Vol. 185, No. 9, August, 1974, pp. 497-506. i 
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TABLE II 

Cultural Values Associated with High and Low Production of Scholars and Scientists 
(p. 504. Hardy) 
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High Productivity 

Naturalism * Belief In a world 
of order » law, pattern, meaning. 



Intrinsic valuation of learning , 
knowledge > To be learned*, wise. 
Is highly valued* Broad conception 
. of valued learning • 

Dignity of Man . Optimism concern- 
ing man's ability to discover 
truth, acomplish things, change 
the world. 

Personal dedicatJ^fili , Seriousness 
of purpose, sense /of mission, 
positive mysticism. Long range 
striving. Resp^sibility beyond 
family. # " 

Equal 1 tar lanism . Active promotion 
of causes to Improve status of 
disadvantaged. High stature for 
women, children. Pacifism. 



Antitraditional , Not satisfied 
with established Cays of doing 
things. Restlfess, inquiring 
spirlL. 

Centered on near future . Concerned 
with this world. Orientation 
toward the foreseeable future* 



Lo«7 Productivity 

World ^ is unknowable , in- , 
comprehensible « Events are 
capricious, mysterious, 
whimsical. 

Suspicion of learning, education . 
Constricted view of valued 
learning . Anti-intellectual . 

Disparagement of man . Man is 
powerless, at the mercy of fate, 
destiny, luck, chance. He is 
evil, incompetent. 

Sense of indirection . Must 
take, enjoy what is available 
now. Loyalty to family, kin. 



Authoritarianism t Kellance on 
authority. Pow<|r relations 
Important. Patrf^chal order: 
male dominance. Aggressiveness, 
militarism. 

Traditional * Past is respected, 
romanticized. Filial piety 
valued . 



Centered on present and 
distant future * Hope £or a 
better break in the distant 
future, the next life. 
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explain processes by which knowing and the act of discovery occur? 
Brldgman's^^ personalization of knowledge In physics and Bertalanf fy 's 
criticism o'f psychology both occurred to us as we read this dissertation. 
The ground work which Obenauf has done could provide a fruitful junction 
for psychological and philosophical research. 

Surveys 

Since surveys are usually meant ' to answer questions which are pri- 
marily of local interest, we give them little attention in xhis review* 
Xhat does not mean they are of little value. On the contrary, tfiey may 
have considerable importance for, planning or ascertaining the state of 
things so that future plans can be made. Surveys are popular among 
commonwealth researchers . A few are worth noting because they have 
ylder implications or a quasi-experimental fe^^ture to them* v , 

Bonora (28) discussed some of the problems encountered by the 
International Association for the Evaluation Achievement as it gathered 
data in 2p countries. At the international level preliminary analysis 
focused on identifying family, socioeconomic status, and pedagogical 
factors which relate to science achievement. Within countries, curricula, 
attitudes and geographic variables were the chief background variables 
examined . 

R. Hansen and J. Neujar (103) examined the career development of 
a small sample of males and females in science and found both were 
equally likely to earn B.A. 's. in science but males were more likely to 
continue wo^fc in science of science teaching. In a study of what* he 
called moot\eliets (misconceptions and superstitions) among Wisconsin 
twelfth-graders. Otto (205) found a significantly greater number of 
girls who accepted 13 of 36 items, i.e., held mlscpncepts respecting 
an item. 

A. C. Perkes (205) did a survey of 10th and 12th graders' know- 
ledge of environmental science and attitudes in eleven states of ^e 
^kwest and Far West. Twelfth grade students scoii§,d better than^enth " 
graders on concepts but not on knowledge of specific facts. There were 
'^sex differences in attitudes. Major environmental concerns differed 
from state to state. Calif omians worried about air pollution; Wiscon- 
sin students, about water pollution; and Hawaiians, about land use. 
John Trent's (283) study of environmental trends as perceived by 
colleges of education and state departments of education indicated that 
environmental education is probably on the increase. Fadelli (75) 
evaluated the conservation content of elementary and secondary school 
textbooks used in 13 western states and concluded the texts were woe- 
fully deficient in conservation knowledge. 



•^^P. W. Bridgman, ^ The Logic of Modem Physics , MacMillan, New York, 1961. 
^^Bertalanffy, op. cit. ' 
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Surveys of science teaching were done by Buckerldge (41) in New 
England, Mldeastsem «nd Southwestern states while Maben (164) did a 
survey of Central and far Westiem states. The l^uckeridge survey examined 
certain questions concerning the relation of teacher attendance at NSF 
institutes to teaching practices. She found that NSF programs influenced 
teachers' use o£ various learning activities. In a survey of sci«nct 
teaching in"secondary schools of the "Great Plaina, Rocky Mountain and 
Southeast region of the United States, for the period 1971-72, Baker 
(22) found the following: 1) larger schools were more likely to be 
offering BSCS, PSSC, CflEM study and other ^programs developed with NSF 
funds, 2) over '49 percent of the schools used homogeneous grouping, 
3)' the average annual budget was $1,00 to $2.00 per pupil e^ch *f or 
equipment and supplies, 4> Instructional techniques most commonly em- 
ployed were lecture-xlemonstratidh, group laboratory instruction, in- 
dividual laboratory Instrucfton, and 5) NSF sumner instltutja attendance 
seemed to b^ a factor in the disposition of teachers to use pupil- 
centered lAlstructlonal activities . i 

- Sikes (249) tried to find out how much environmental science was 
being taught to gifted science students in Texas public schools • He 
also fought to determine the nature and effectiveness of environmental 
science teaching • Generally he found that environmental Sciences re- 
ceive little attention in most science classes. 

Rlggs (225) did a suirvey of student and Instructor attitudes toward 
biology and BioLabs in two year colleges. There was not much of a 
relationship between Instructor and student attitudes. Attitudes were 
' generally more favorable in courses that combined ^elf-paced and group- 
paced Instruction. 

a • •ft 

Yao (304) provided a description o£ science and technical instruc- 
tion in China during 1949 to 1957 and discussed the relevance of Soviet 
educational practices ..to Chinese Communist education, Yao:^oncluded 
that the uncritical absorption of the Soviet system did not serve the 
Chinese well, particularly because there was so much emphasis on rote 
learning. 

Rosier (227, 228) reported in two separate articles results of the 
international survey as it pertained to Australia, Australia ranked 
third out of 19 countries. He analyzed the particular contributions 
made by science II (14-year olds) and IV (terminal secondary students). 
Countries differed in their ability to retain group II in school. Dif- 
ferent states in Australia also differed in their holding capability 
and science performance. He also noted that Australian teachers were 
generally younger than those In other countries. 

Kelley and Nicodemus (133) described early stages in the diffusion 
of the Nuffield A-level biology. Teachers learned about the program 
mostly through professional meetings. The decision to adopt was made 
at the departmental level 46 percent of the time and by Individual 
' teachers 52 percent of the time. A one-week workshop to introduce the 
course increased the chances teachers would use the materials, but 
teacher characterist;ics also determined whether the Nuffield biology 
program would be used* 
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Bradley Hutching8^(31) used a questionnaire to see how concepts 
of science and scientists related to subject choices in school in Engjand 
and Wales. Males were more favorable to science than were females anS 
liked physics and chemistry better than biology. Students saw scientists 
as family men who were kind, cheerful, interesting and not easily dis- 
couraged. Femeiles thought science was too fact-oriented and viewed 
people in the llbereil arts more favorably. 

In Israel, Jungwirth (129) found that college students and scientists 
responded differently on the TOUS, Scientists expressed 85 percent 
agreement with the images portrayed by the authors of the TOUS. Exposure 
to BSCS has not succeeded in changing high school students' views to " ' 
conform with those of scientists, 

^oh (259) studied potential scientists' and non-scientists' moti- 
vational conditions by administering the school Motivation Analysis Test 
to secondary students grouped in these two categories according to an' 
occupational scale, Soh concluded that differeiites can be explained in 
terms of dynamic traits and that science bias was instrumented in 
securing ergic gratification, 

Jungwirth (128) conducted a study in Israel to find out how the 
preferences for indoor and outdoor activities of BSCS andjAon-BSCS 
students differed. The patterns of preferences for the groups did 
not differ. Some sex differences emerged. Females preferred indoor 
study of plants while males would rather study animals. 

Dieter (64) asked each of 220 judges in the 1970 Outstanding Biology 
Teacher Award program to rate items about teachers' performance. His 
intention was to establish teacher eveiluation criteria. The survey 
showed distinct biases due to judges' occupations. To counter these 
biases. Dieter suggested there should be input from teachers in the 
construc:tion of evaluation procedures and criteria, 

A survey of responses by Northern Ireland pupils to the Schools 
Council Integrated Science Project (SCISP) showed that 55 percent would 
prefer more biology and that males showed less interest in the social 
aspects of science than did females. 

Other surveys reviewed for this section were conducted by Al-Taiey , 
(12), Gilbert and Mortenson (87), Gough (90), Hackett and Holt (96), <j 
Jensen (123), Jones and Roswei:. (127), Kohn (143), Kraus (147), Leake 
(156), McKenna (180), Mllby (182), Shaw, et al. (243), Sumnfer and 
Broadhurst (266), and Tomikel (280). 
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Summary and Conclusians^ 

Now that this review is done, what "Can we say about the research " 
^in general? Of course,^ one best answers such a question when a p3^- 
ticular question arises • For example, is it useful to teach science 
to elementary children? Is the effort to individualize instruction 
worth it? What can we do to improve student interest in physics, etc.? 
A p^^rtiGular question brings to mind relevant findings. Witl^out those 
questions a summary may lack some focus* However, we shall try to make 
some general statements which seem supported by the research* These 
will necessarily have a kind of advocacy' character to them ^ readers 
with different interests would ask different questions. 

Start with elementary school. The quantity of research in elemen- 
tary sSience has tallen off . y It appears that most of the science pro^ _ 
grams, developed in the pasf^ ^decade help language, logic and intere&t€i^ 
to develop among Ahf disadvantaged, and handicapped* These groups.»^n 
parjticular, beneH^t during the first three years of school by exposure 
to science that has an activity dimension to it* Middle and upper class 
primary children shSw relatively less benefit as the programs now stand. 
Probably the heavy emphasis on sorting, categorizing, ordering, etc* 
that marks the early programs makes up for deficits amongthe poor and 
handicapped but adds little %o wh4t the environment alre^y supplies to 
/v. the mdre well-to-do. Thus, we would suggest that children yaho are most 
frequently denied science on the grounds they need "fundament^s" should 
be given more of it, namely, the disadvantaged. Programs suitable for 
more advanced primary students still need to be developed* 

We know relatively little ^^>oii^(t the cumulative impact of four or 
five years of elementary science* Wivj^e many districts have now had 
^ four to six or more years experienc€^,iW^h coherent descifibable science 
programs, almost no research or evaluit^ion is being published that 
describes the cumulative impact of successive years of science instruc- 
tion. We need this kind of* research to ^swer questions of worth and 
appropriateness of science instryction. We also need to know whether 
the dif j^erences iii performance and attitudes between the two sexes is 
minimized by equal exposure over* time to a so\ind science program* 
The research should also tell us whether the curriculixm developers, 
who complained in earlier years that what they were trying to develop 
took time, are right- Namely, are there .long-term gains of some kind? 

A great^ deal of effort has gone into developing and evaluting self- 
paced, auto-tutorial programs of various descriptions* There is an 
apparent paradox here* Most of the researchers at the high school level 
* report favorable results while the outcomes at the college level are 
much more varied. In general, if you are going to do self-paced instruc- 
tion, the units should be short* If students are of ordinary ability, 
the testing should be freqfuent. At both levels student procrastination 
is a major problem. More consideration should be given to making the 
instructional materials available in different formats so that learners 
with different aptitude patterns find presentations suitable for them- 
In selfrpaced and auto-tutorial areas especially, researchers and cur- 
riculum developers need to explore the implications of aptitude- 
treatment^-interaction research* . 
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Physics teachers are evidently a species aig^rt. They tend to pre- 
fer the didactic mode of instruction. They apparently grade unrealis- 
tically in comparison to the rest of the teachier population. The con- 
tent of physics instruction frequently calls for levels of logical 
operation which students have for the most part not yet attained. One 
procedure might be helpful forymembers of this group. If physics teachers 
would perform a content and task analysiis of the concepts they ,are trying 
to teach, they would uncover the structi^re of the content. Physics 
consists of a pyramiding of concepts. Some concepts subsume others. It 
also etntalls relationships betweien concepts. Once these two aspects are 
drawn out in a content or network analysis, one can also determine the 
types and levels of ' logical operations which students need to perf ojm 
to pass successfully through a unit of content. A whole series of 
specific analyses of the formal structural attributes of physics accom- 
panied by measures of acquisition would collectively allow us to dis- 
cover the psychological aspects of physics. 
} 

^What we need^ in short, is a fine grain analysis of structure 
coupled with a careful psychological appraisal of what is involved in 
acquisition of the structure. George Polya's insightful book, How to 
Solve It,^,^ 'Suggests one Instructional procedure that merits investi- ^ 
gation in the context of physics: . "If you can't solve this problem, 
solve a simpler one like it." Use of analogies and different^, instruc- 
tional formats merits examination. The production of written materials 
in physics also needs examination. Readability criteria ought to re- 
ceive more consideration. Complex ideas probably should be presented , 
in short segments marked by different forms of redundancy. Strangely ^ 
enough, there is little research on learning in physics* We know very 
little about what is involved in teaching people a hierarchically 
structured content that^ draws heavily on formal operationalf logic. 

Teacher education continues to be a major source of ^udy. Most 
instructional programs include some interaction analyses. The inclu- 
sion of this training has apparently increased the flexibility of 
teachers, i.e., brought more moves under deliberate control. Indirect 
modes, e.g. in some modification of a Flanders Matrix, have been re- 
lated positively to development of ^student inquiry and better problem 
solving. Pausing rates of teachers appear to influence amount and 
quality of student verbal output. Direct modes help certain kinds of 
content acquisition such as basic concepts and mathematical procedures." 
Different teaching techniques produce some specific student outcomes. 
For example, warm supportive rewarding behavior appears to help con- 
cept learning but also to reduce risk-taking in inquiry. So objectives 
need to be clear, and the instructional techniques adjusted accordingly. 
At the moment most of the studies in this field are o£ such Short 
duration that the consequences of a prolonged exposure, to particular 
techniques is not well understood. .How people learn the complex of 
relationships that is* characteristic of science and what they learn^ 
in science need more explicit attention from both interaction and learn- 
ing research people. What values are being transmitted and what kinds 
of modeling behavior by the teacher"^ or orgahlzations of discussion 
favor particular kinds of value development? 

l^George Polya, How to Solve It . Princeton University Press, Princeton, 
New Jersey,, 19 A5. 
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Despite the rather overwhelming indications that objectives do 
not help the learner and» in some cases may actually be harmful, we 
continue to see studies on objectives that fail to refine the questions 
being asked. The burden of the evidence to date suggests that the 
learner Imposes his own organization on the material. In our view, if 
people must study objectives, they ought to be asking \j^at kinds of 
objectives are helpful to what categories of leai:ners. There exists 
some .evidencft, for eacample, that objectives may be help^f ul to low and 
moderate ability students but harmful for students of middle and high 
ability. Researchers have not determined whether students us^ the ob- 
jectives supplied or how objectives function in relation to the learner. 
If bbjectives can be categorized in cognitive and affective groups, 
perhaps the latter ought to^ recfeive more attention. 

Very little productive research attention is being given to the 
development of values ethics and processes which might be unique outj- 
growths of Science. In the last analyses people resort to measuring^} 
concepts and to using global measures of attitudes (e.g., the TOUS)^^c^r 
critical thinking (e.g., the Watson-Glaser) . In oxir opinion we need 
a set of specific studies tied to specific curricula aii^d we need to 
examine perf^^fmances of students with different durations of exposures 
to those curricula. After we have seen outcomes from a set of specific 
situation^, we can begin to ask what is general, if anything. The 
recent inclusion of personality variables will probably eventually prove 
fruitful. ^At the moment we know that people with certain personality 
configurations seem to be especially attracted to certain disciplines. 

The section on teacher characteristics, behaviors and training 
constitutes a diversified mix of studies. 

A number of rese^archers were interested In the re f feet of inservice 
training programs on teachers . Included are programs such as NSF 
Academic Year Institutes and Cooperative College - School Science im- 
provement programs as well as short independent pWgrams. Training of 
this nature does appear to ma&e a difference in teachers* personal 
characteristics. Acjidltlonally , there is some evidence of transmission 
of training into the classroom. The research indicated that Inservice 
programs can influence teachers to exhibit better attitudes toward 
teaching science, to become more indirect, and to use teaching strategies 
congruent with the goals of the newer curricula. There is some evidence 
that students are more likely to learn content which is an ^outgrowth of 
inservice tiralning. ^ 

Several studies report the effects of process app|^ach instruction 
on attitudes. V/hile most of these show that teachers receiving the 
instruction have more positive attitudes toward science teaching, there 
is little^ indication conceztilng the relation of attitudes to modes of 
teaching or success of students. On the contrary, there is some sug- 
gestion that the students of teachers who started teaching a new pro- 
gram only reluctantly did as well as the eager early Joiners. It can 
also happen that while competencies may improve as a result of train- 
ing, attitudes may be negative. « 
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Besearch Involving the classroom teacher dealt largely with teacher 
behavioral strategies and styles. Repeatedly it was shown that teacher 
questioning patten^s influence students* academic performance. Wait 
time and patterns of teacher-student* interaction also alter student per- 
formance. 

' .-^ 

Several attempts were made to Isolate science teacher character- 
istics as compared to i^on-science teachers . We really do not see this 
as a fruitful line of reSkarch. In general, science teachers were shown 
to be more self-sufficient-resourceful and reserved than other teachers. 
Fem^e science teachers as ^compared to male science teachers are moire . 
tender minded and outgiving. We are prompted to ask rather impolitely > 
"So \^at^ Unless one ^iiui, relate teacher personality variables to class- 
room teaching practices or to student performance we see this kind of 
research as fruitless. Instead we would ask, are teachers ^th par- 
ticular personality configurations mq^e helpful to students with the 
same configurations? 00^:-^ 

In summary, it seems that research has made some headway toward 
answerjtng some nagging and pe^fsistent questions regarding the art of 
teaching scifence but there is ^ much to do, especially in the realms 'of 
evaluation, learning and transmission of values. > 

All the conditions exist in nature at the moment tb do this research 
Some people ought to do it. 



B7 



Index 



Abstract Reasoning, 37 • 

Abstract Thought, 1^ * 

Academic Year Institutes, 44 ^ 

Activity vs Text Centered Instruction, 51* 

Advance Organizer ,15, 16 

Affective Outcomes, 31, 32 

Affective Variables, 34 

Age, Aging, 12, 13 . 

Analytic Thinking, 28 

Aptitudes, 6, i3, 14, 18, 20, 23, 24, 25,, 

My 33, 37 
Astronomy ,3,26 

Attitudes, 30, 31, 34, 35, 44, 45, 50, 
51 

Audio-tutorial, 2/l5, 16, 20 
Australian Education, 55 « ^ 

Austrfiiilah Science Education Project , 5& 
Ausubel , 8 

Biology, 15, 18, 19, 20, 22, 26, 31, 46, 

48, 55 . 
Biology Methods, 45 
Black Colleges, 42, 51 j 52 
Blacks, 3, 35, 42 
Blind, 39 

BSCS, 25, 33, 42, 44,^55,^^56" ^ 

Careers, 45, 54 ^ 
cess, 44 

Chemistry, 12, 15V 21, 22, 23, 26, 29, 

31, 35, 48 
CHEM Study, 12, 55 
Chinese Education, 55 
Classification, 12, 28, 40 ' 
Cognitive Conflict, 29 
Cognitive Preference , 32 , 33 
Cognitive Style, 10 

Computer Assisted Instruction, 23, 24 
COPES, 6, 30 • 

Counter Intuitive .Events , 11 ' ^ 
Critical Thinking , '129 €j 

Deaf, 39, 

Dependence Proneness, 10 > 
DISCUS, A3^ q 
Dogmatism, ^1, 49 

Earth Scien$;e, 22, 23, 27, 41*^46 
Education, * Cross-Cultural, 36 
Engineering, 10,^11, 20, 22 / 
. Environmental Action, 32 ^ ^ 
Environmental Education, 33, 41, 45, 54, 
55 ^ 



Error Rate, 21 ^ 
ES, 27 

ESCP, 49 > 
ESS", 40 1 
Evaluation, 8, 11, 27, 28, 31; 34, 56' 
Evolution, 4 " 
Expectations, 49, 50 

Fl^ld Theory, 9 
Funding Sources , 4 

Genetics, 7, 8, iB, 22,' 32 
Geology, 23 [ 
Grading, 27, 31, '36 
Group Procesa Variables, 10,, 11 

■V,:; J ' ;■- . ,\\ V > 

Handicapped, 2, 13, l39^ '^^- -^^j^n^ 

HEADSTART,o 41 
Hierarchies, 7, 12, 21 
Homework, 11 
Hunches, 9 

Hypothesis Formation, 20 



Implementation^^ 49 
Indians, 40 
Individualized, 18 
Informatlon^^nslty, 7 
Information Processing, 23 
Information Theory, 6 
Inner City, 29' 
Inquiry, 34, 51 
IPI,'22 « 
ISCS, 19, 21, 30 

Listening Versus Reading, 19 
Logical Operations, test of, 13 

Mastery Teachings 51 
Medical Education, 51 
Museums, 46 

National Assessment, 3^ 38 

Nuffield Biology, 55 

Nuffield Science, 29, "37, 50 * 

Objectives, 14, 15, 16, 
Occupational Success, 10 >■ 

Participation, 11 . 
Personality Variables, 3.9, 20, 22-, 

31^^ 35, 50, 51, 
Personalized Knowledge, 52 ^ 



61 



fi8 



ERIC 



^9 



Philosophy » 52 
Physical Science, 30 

Phy«lcs, 2, 14, 15, 21, 26, 32, 34^ 36, . 
40 

Pictures, 25 
PlanetarluiQ, 26^ 
Preferences, 33, 34, 41, 56 
Problem-Solving, 42 

Process Skills, 35 * / 

Prqcrastlnatlon, 23 
|?SSC, 15, 38> 55 V 

t)ucstlonlng, 11 ^ 

Reading, 5s 24, 28 * ' 
Retention, 2B 
Risk-taking, 9. 

Rote Learning, 33 ^ ' ^ ' " 

SAPA, 14, 27, 40, 41 • ' 

Scalogram Analysis, 12 ' * 

SCIS, 13, 27, 28, 39, 42, 43 
Self Assessment, 35 * 
Self -Concept, W ^ 
Serlatlon, 12 ^ * 

Soclo-e^conomic Variables ,40 
Statistical Significance, 3 " 
Structure, 7, 9, .12,'(g;i 
Student Perception, 50 

Xt^achar Characteristics, 46 [ . 

i^eachei^ Competencies, 46 
Televised Science, 48 
Tes't Construction, 34 

Text^, 27, 51 " / / ^ 0 

Time Sense, 8 

Urban and Rural Oiffer^ncea ft ,43, . . i ^ 

■ Values, 3A, 50;'^2 , ^ / ' ^ - ^v--'^^^^ 

Walt-tlme, 47 .;. ' . * . 

Women, 42 

Zoology, 29 , ^ 



fi9 



4 



References 

citations dontalning ED information indicate documents available froin ERIC 
Document Reproduction Service, P.O.' Box 190, Arlington, Virginia 2^210. 

1. Aligaard, Stanley A. "Oral Questioning By the Teacher: Influence on Student 

Achievement in Eleventh Grade Chemiatry." Disaertation Abstracts > 
' VolJr34:2, p. 631A, 1973. " ^ 

2. Abrah4^> Cheppana^ll Thomas. "A Study of the Evolution , Organization, Nature 

p ' and Use of the National Science Teachers Association Book Review Program." 
Disaertation Abatracta . Vol. 34:1, p. t83A, 1973. 

3. Abraham, Mlchae\R, "Verbal Interaction in Science Inquiries by Homogeneous 

and Hetetog^eous Small Groups." Diasertation Abatracts . Vol* 34:4, 
p. 1725A, 1973. ~^ ^ 

4. Alkenhead, Glen S. "A New Methodology for Test Cons true tlpn in Course 

Evaluation." Paper presented at the annual meeting of the. National 
Asaociation for Research In Science Teaching, Detroit, Michigan, March, 
1973. 

ED 080 312 ' 14 pp, 

* ■ • . ■ 

5. Alkenhead, Glen S« VThe Interpretation of Student Performance on Evaluative 

Tests." Paper presented at the annual meeting of the National Associa- 
tion for Research in Science Teaching, Detroit, Michigan, March, 'l973. 
ED 080 313 • 19 pp. 

6. Akey, John Miles. "The Behavioral Selection of Planetarium Concepts 

Appropriate for Second Grade Students . " Dissertation Abstracts , 
Vol. 34:1, p. 184A, 1973. 

7. Al-Ani, Raouf. "Stimulating Creative Thinking in Science Teaching in Junior 

High Sjphools in Iraq." Dissertation Abstracts , Vol. 34:5, p. 2263A, 
1973. 

(3 • ■ - , 

8. Allen, D^id W. "An Evaluation of a Museum Science Education Project^ with 

^Social Integration and Urban Environmental Problems as a Pocus." paper , 
presented at the annual meeting of l;he I^£^tl6na^ ^Asqbciation) V^or tt^s^arch ^y- 
in Sclattce Teaching, Detroit, Michigan, MaMi, 1973; 
ED 079 066 20 pp. 

9. Allen, Leslie R. "An Examination of the Ability of Third Grade Children 

from the Science Curriculum Improvement Study to Identify Experimental 
/ Variables and to Recognize Change." Science , Education , Vol. ^7, No. 2, 
. p 135-151 , April/ June , 1973 . 

10. Allen, Leslie R. "An Evaluation of Children's Performance on Certain Cog- 

nitive, Affective, and Motivational Aspects of the Systems and Sub- 
systems Unit of the Science Curriculum Improvement Study Elementary 
Science Program.", Journal of Research in Science Teaching , Vol. 10, 
No. 2, p. 125-134, 1973. 

11. Almase, Araceli G. "Modification of Teacher Behavior Through an In-Service 

Biology Methods Course." Dissertation Abstracts . Vol. 34:6, p. 3173A, 
1973. ^ 

* 63 



64 



0 ' 



12. Al-Taiey, Sabah Bakir. "Students*. Satiof action and DiosatiQf action with 
'/ the Major Field Environaent in CollegGQ of Natural Science and Social 

Science at Michigan State University." Dissertation Abotracto , 
Vol. 34:3, p. 1092A, 1973. 




13. Anderaon, John R. "Clasoroom Interaction, AcgdeFilc Achievement and Creative 
/ Performance in Sixth Grade Clasoroopd . " Diooertation Abotracto , 
Vol. 34:1, p. ^85A, 1973. 

^old, Panlel S., et al . "An Investigation of Belationohips Among Question 
Level, Response Level and Lapse Time." School Science, and Mathematicg. , 
Vol, 73, No. 7, p. 591-594, October, 1973* 

15. Atkinspn, Thomas Joseph. "A Coi3q)arative Study of the Effect of Audio Taped 

Instruction on Student Achievementf^^d Retention in the Level II ISCS 
Program^.*' Dissertation AbatracVs , Vol. 33rl2, p. 6783A, 1973. 

16. Auckland, J. N. anH' C. Weatherup. "Some Performance Characteristics of 

Students Taking the National Certificate of Agriculture." Journal of 
Biological Education ^ Vol. 7. No. 2, p. 47-49, April, 1973. 

17. Austin, Sam M. and K. £. Gilbert. "Student ^Performance in a Keller-Plan 

.Course in Introductory Electricity and Magnetism," American Journal 
of Physics , Vol. 41, No. 1, p. 12-18, January, 1973. 

18. Ayers, Jerry B. and Mary N. Ayers. "influence of SAFA on Kindergarten 

Children's Use of Logic in Problem Solving." School Science fuid 
Mathematics , Vol. 73, No.. 9, p. 768-771, December, 197^. 

19. Bablklan, Elijah. "The Relative Effectiveness of Two Expository Methods of 

Teaching Science*" School Science and Mathematics , Vol. 73, No. 2, 
p. 149-154, February, 1973. 

2^0. Badaracco, Robert J. "Scorpions, Squirrels, "^or Sunflowers?" American 
. Biology Teacher . Vol. 35, No. 9, p. 528-530, 538, December^ 1973. 

■/« 

21. Bohorik, John Wesley. "A Study of the Effects of Information Items on 

Snyder's 1968 Prototheory of ^Instructional Efficiency as Applied to 
a Genetics Problem-Solvlng^Situation. " Dissertation Abstracts , 
Vol. 33:12, p.^720A, 1973. 

22. Baker, James Houston. "A Stii^vey of ^cience Teaching in the Public Secondary 

^?Schools of the Plains, Rocky '>feuttta4a, ^)d Southeast Regions of the 
iJriited States in the 1970-71 School Year;" Pisseyt^ation Abstracts , 
Vol. 34:5, p. 2411A, 1973. 

23. Balzer, A. L., et al . A Review of Research on Teacher Behavior Relating 

to Science Education . Yearbook of the Association for the Education 
of Teachers in Science^ ERIC Science, Mathematics, and Environmental 
Education Information Analysis Center, Columbus, Ohio, 197*3. 
ED 087 638 , 522 pp. 

24. Barry, Robert J. "Programmed Instruction: A Do-It -Your self Example." 

Australian'^ Science Teachers Journal , Vol. 19, No. 4, p. 87-92, 
December, 1973. 

25. Bates, Gary C. "An Invitation to Inquiry: The Vignettes Film Project." 

Paper presented at the annual meeting of the National Association . * 
for Research in Science Teaching, Detroit, Michigan, March, 1973. 
|D 080 314 ^ - a 10 pp. 



71 



ERIC 



65 



26. 



Beicenhers, Paul C. and C. J. Probot, Jr. **^^aotery of Biologic Techuiqueo: 
A Model for Teacher Education." American Biology Teacher . Vol. 35, 
No. 8, p. 470-475, Noveiaber", 1973. 



V 



(21, Berger, Carl F. "Change in Predicted Teacher Behavior Baaed on Experience 
with an Activity Oriented Elementapr Science Couroe." Paper presented 
at the annual meeting of the National Ausociation for Research in 
Science Teaching, Detroit, Michigan, March, 5,973. 

ED 080 310 ' " 9 pp. 

28. Bonora, Denis. "The Factors Determining Scholastic Success in Scientific 

Disciplines: An Inter-national Study." Orientation Scolaire et 
Professionelle -^ No. 4, p. 385-410, October, 1972. 

29. Bowman, Harold E. '*The Effect of Alternative Te^iOiniques for Modifying 

Student Teacher Behavior During thfe Field Experience." Dissertation 
Abstracts . Vol. 33:12, p. 6761A, 1973." 

^' 

30. Boyd, Eunice and Kenneth D. George. "The Effect of Science Inquiry on the^^ 

Abstract Categorization Behavior of Deaf Children." Journal "of ^ 
Researd^ in Science Teaching . Vol. 10, No. 1, p. 91-93, 1973. ^ 

31. Bradley, Judy and Donald Hutchings. *^Concepts of Science and Scientists 

as Factors Affecting Subject Choice in Secondary Schools," SchSol 
Science Review . Vol. 55^ No. 190, p. 8-15, September, 1973. 

• • * . »■ 

32. * Bratt II, Herschell M. \ Ccmparf^iye Study to Determine the Effec]t:s. of 

Two Methods of Elementary Science Instruction on the Attitudes of 
Prospective Elementary Science Teachers." Dissertation Abstracts . 
Vol. 34:6, p. 3174A, 1973. 

^ 33. Breddermaa, Theodore A. **The Effects of Training on the Development of 
the Ability to Control Variables." Journal of Researcti in Science 
Teaching . Vol. 10, No. 3, P. 189-200, 1973. ^ 

34. Bridges, C. M, , Jr., et al . "Evaluation of the Cooperative College-School 

Science Improvement Program to Prepare Teachers to Teach The DISCUS 
Program." Science Education , Vol. 57, No. 2, p. 193-199, April/ 
June, 1973. ♦ 

35. Bridgham, Robert G. "Grading and Enrollments in the Sciences." The Science 

Teacher, Vol. AP* No ^,6, jp. 41-42 ^-^ept^l^<&r^%i,9'7a-^^^ ; : ^ ^ 

., \ ^ ■ ■ '\ ■'. \ ■ , r - ■ . - ^.^^[^j^j 

36. Bridgham, Robert 0»,, "The Effects of Differi6titMathematici& Curricula on ' 

Science Achievemebt in the Secondary School." JlLSMA Reports, No. 

32: National Science Foundation, Washington, D.C, , 1972. 

ED 084 133 ' 13 pp. 

37. Brown, Chester Ji and Walter E. Elliott^* "Perceptions of Ph^^sics and 

Physics Teachers by College Studeilts." Journal of Research in 
Science Teaching . Vol. 10, No. 1, p. 51-54, 1973. 

^38. Brown, Dorothy McKenna. "The Relationship of Independent Study, Object 

Visualization and Anxiety to Hypothesis Formation by College. Freshmen 
in the Biological Sciences." Dissertation Abstracts . Vol. 34:5, 
p. 2412A, 1973. ^ 

^ - . / V 



K 



ERIC 72 




4; ■■"■•■) 



66 y 

39. Brown, Taibert W. 'The Influence of the Science Curriculum laprovement 

Study on Affective Process Development and Creative ThJjilting.' 
Diooertation Abstracto . Vo;i. 34:6, p. 3175A, 1973. ' 

40. Bruno chwig, Femand. "ExperimentQ that Walk: Four Self -Study Units with 

Portable Kits for Intrpductory Physics," Dissertati on Abstracts, . 
Vol, 34:3, p. 1147A, 1973. 

* 

41. Buckeridge* Ellen C. "A Survey of Science Teaching in the Public Secondary 

. • Schools of the New England, Mdeast,.and Southwest States of the United 
States." Unpublished doctoral dissertation. The Ohio State University, 
Columbus, 1973 • 

42. Bullock, John T. "A Comparison of the Relative Effectiveness of Three 

* ■ Types of Elementary School Science Curricula in the Development of 
Problem-Solving Skills.** Onpubiished doctoral dissertation. The 
University oic Florida, Gainsville, 1972. 

' ■ ' tj.. 

43. Bumey, Charles Franklin. **A Programmed Text Covering the Application and 

Use of Operational Amplifiers in Undergraduate Physics and Engineering ' 
Curriculum.'* Dissertation Abstracts , Vol. 34:3, p. 1058A,- 1973. 

""44. Butterworth, Thomas Michael. *'A S^dy of the Effect of Lesson Verbal 

' Structure on Aspects of Student Affective Learning in Freshman College 
Biology." Dissertation Abstracts , Vol. 34:5, p. 2412A, 1973. ,^ 

45 Bybee, Rodger W. **The Teacher I Like Best: perceptions of Advantaged, 
Average and Disadvantaged Science Students-.*' School Science and 
Mathematics , Vol. 73, No. 5, p. 384-390, May, 1973. ^ 

' ' \ ' 

46.' Campbell, James Reed. ''Pattern' Analysis - A Macrofecopic Development por 
Interaction Analysis.^ Paper presented at the annual meeting of the 
National Association tor Research in Science Teaching, Detroit, 

Michigan, March, 197?. . 
, ED 084 181 • X ' - PP* 

47 ' Campbell, Roy F. "Ah Analysis of Success^ Factors in the Utilizatidh of 
Learning Activity Packages Employed as Vehicles for Individualizing 
Instruction at Nova High School." Unpub lished^ do c t or^l dissert at ig^. 
The University of Florida, Gainsville, 1972. ^ ' 

. 48. . ea^ev-Robbie and Cathy Fry, ^J'Evaluation of an Attempt to Teach. Sci^n^fic 

^ V ^^I^a^ch in science Teaching . Vol.^10, iJb. 2,^ p^ 135-142^^.192%^-^ 

49. Chasas, Sister Virginia Margaret. "Teacher-Student Verbal Interaction 

and Critical Thinking Ability in Introductory College Biology. 
. ' Dissertation Abstracts . Vol. 34:2, p. 660A, 1973. ^ ^| 

50. Clarke', John A. "Au&ubel and ASEP: An Application of Cognitive Field 

Learning Theory to an ASEP Unit." Australian S cience Teachers Journal., 
Vol. 19, No. 4, p. 92-97, December, 1973. • 

51. Cohen, Martin Abraham. **Teacher Questioning Behavior and Pupil Critical 

Thinking Ability: A Study of the Effects of Teacher-Questioning Be- 
havior on Pupil Critical Thinking Ability in Three Academic Subjects 
Offered in a Suburban High School." . Dissertatio n Abstracts, Vol, 33: 
12, p. 6745A, 1973. * ^. 



erIc- 



73 



. 67 

52. Coleimmi Clarence D*, Jr. and H. S. Fowler. "A Comparative Study of the 

Effects of Prior Knowledge of Perfarmance Objectives on Cognitive 
Learning Outcomes In the Instruction of TCCP Physical Science." Paper 
presented at the annual meetljig of the ITatlonal Association for Research 
In Science Teaching, Detroit » Michigan, March, 1973. 
ED 079 UO 12 pp. . 

53. Coleman, Sandra B. *^e Effect of Aging on Plaget*s Developmental Stages: 

A Study of Cognitive Decline." Dissertation Abstracts , Vol. 34:3, 
p. 1122A, 1973. 




54* Coley^ Nell K« '^Prediction pf Success jyr^eneral Chemistry In a Community 
College." Journal of Chemical Education ,. Vol; 50, No. 9, p. 613-615, 

September, 1973, ■ / 

• •* ■ 

55b Comber, LI C. and John P* -Keeves. Science Education In Nineteen Countries . 

international Studies In Evaluation I » John Wiley & Sons, Somerset, 
New jersey, 1973. 

56^ Conradson, Diane R. "The Effect of Early Classroom Teaching Experience 
Upon the Attitudes and Performance of Science Teacher Candidates." 
Paper presented at the annual^ meeting of the National Association for 
Jlesearch In Science Teaching, Detroit, Michigan, March, 1973. 
ED 080 322 ' 33 pp. 

s . 

Cooper, Clarence H. "Teaching Physics In Spanish to Latin American Students." 
Undtv'ersity of Texas at El Paso. (Mimeographed Paper) 
, ED 082 949 ^ ^ 

58. Couch, Richard. "Is Lecturing Really Necessary?" American BliSrlogy Teacher , 

Vol. 34, No. 7, p. 391-395, October, 1973. 

IISJ 

59. Cunningham, Stephen L. and Robert 6. Fuller. "Evaluation of an Experiment 

in Computer-Assisted Tutoring." Physics Teacher , Vol. 11, No. 4, 
p. 238-239, April, 1973. 

60. Daugs, Donald R» "Influence of Multilevel Science Materials on Achievement 

of Sixth Grade Students." Journal of Research In Science Tgtachlng . 
Vol. 10, No. 2, p. 147-152, 1973. 

61. DeBlanc, Jefferson Joseph. "A Comparative Study of Science Academic Achieve- 

ment of Senior Hlgh .$clipol Participants and 'Non-Par tlclp an tjp^Jija an 
" V i x ^ 0uj:door Educational Center - St. Martin ParlsHit^ .;: ,Dlsfigrtat?ion^ :f-:^\<l^'S 
V Abstracts? i Vdl. 34:6r|>. 3175A, 1973. ' . ^ ^ " 

62. Denny, Rita ,T. "Questions About Inner City High School Chemistry." 

School Science and Mathematics . Vol. 73, No. 5, p. 355-358, May, 1973. 

63. De&roote, Douglas A. "An ^Analysis of the Effects of In-Service Science 

Assistance on Elementary Teacher and Student Attitudes and Practices." 
. Dissertation Abstracts . Vol. 33:12, p. 6763A, 1973. 
^ , - . ■ ^ . 

64. Dieter, Donn L. "Teacher Evaluation: A Stifat'egy for Science Teachers." 

' * . Paper presented at the annual meeting of the North Carolln£^ Science 
Teachers Association, Ashevllle, North Carolina, November, l'972. 
ED 082 966 ' 20 pp. 

65. Dieter, Donn L. and Paul B. Houns.hell. "The Teaching Environment of Out- 

standing Bl9logy Teachers." American Biology Teacher , Vol. 35, No. 3, 
p. 141-143; 150, March, 1973. 



68 ^" . . . ■ 

66. Dietrich, Don. "Grading Practices of High School Physics Teachers: A^v 

Contributing Factor to Declining Enrollments in Physica?" Science 
Education . Vol, 57, Ko. 1, p. 25-29, 1973. 

67. Donaldson, Marcla Jackson. '"Develojpment of Understanding of Selected 

* Science Phenomena in Young Children.", Diasertation Abstracts , Vol. 

34:3, p. 1059A, 1973. 

68. Duncan, I. M. and A. H. Johnstone. "The Mole Concept.'* Education in 

Chemistry . Vol. 10, No, 6, p. 213-214, November, 1973. 

69. Dyche, Steven J!. "A Follow-up Study of the Successful Participants of the 

National Science Foundation Summer Sequential Institute in Biology 1at 
the University of Montana." Dissertation Abstracts . Vol. '34:6, 
p. 32p2A, 1973. 

70. Egelston, Judy, "Inductive vs. Traditional Methods of Teaching High School 

Biology Laboratory Experiments." Science Education . Vol. 57, p. 467- 
477, October/December, 1973. 

71. Egelstou, Richard L, and Judy C. Egelston. "Self -Evaluation And Performance 

on' Classroom Tests." Science Education , Vol. 57, No. 4, p. 525-531, 
October /December , 1973. ' 

72. Elliott, Walter E. "Experiences with Self -Paced General Physics Courses." 

Journal of College Science TeachiJiB T Vol. 2, No. 3, p. 35-37, 
February, 1973. 3;^^ 

73. Elliott, William D. "An Evaluation of the Effectiveness of Audio-Tutorial 

Minicourses for Enrichment and Remedial Instruction in the Biological 
^Sciences." Dissertation Abstracts . Vol. 34:1, p. 145A, 1973. 

74. Emery, Joyce Linda Bada: "The Status of Certain Probability Concepts and 

Combinatorial Abilities of Hlgji School Biology Students and the Effect 
of Genetics Instruct^^ pij^);?^^ Cognitive Characteristics." 
Dissertation Abstrtfets . Vol . 34:6, p. 3133A, 1973. 

75. Fadelli, Paul L, "A^N^tudy^ Co^eitwdtion Educa^tion and the Western Textbook." 
Office of Consetva^tion Education, California State Department of 



Education, Sacrameij^to , Gajifotnia. 
ED 073 918 ' 



39 pp. 



76. 



77. 



78. 



Fa:gio.,vFrtfiilcl''jT5'' '>:;*Ai^ iD|aMai;^^^ 
. ' . Problem-'^oavln^^^ Transfer of T;rainlng i^pnTg Three 

Related Science Tasks." Dissertation Abstracts ^ Vol. 33:12, p. 6754A, 
1973. 

Feerst, Frances, "A Comparison of T^o Methods of Enriching a Science 
Curriculmm so as to Change the Attitudes of piildren Towards the 
Relevance of Science." Dissertation Abstracts , Vol. 34:2, p. 633A, 
1973. 

Feller, Walter Albert. "The Effects of Two Types of Advance Organizers and 
Two Types of Spaced Questions on- the Ability of a Selected" Group of 
Tenth Grade Biology Students to Recall, Comprehend and Apply Facts 
From Written Science Material." Dissertation Abstracts , Vol. 34:4, 
p, 1766A, 1973. 



ERIC 




69 



79. Flel» Bonal'd 1. "An Investigation of the Effectiveness of Formative Evalu- 

ation and Remediation In Achieving Mastery of Intellectual Skills." 
Paper presented at the annual meeting of the National Association for 
Research In Science Teaching, Detroit, Michigan, March, 1973. k 
ED 079 061 * 7 pp.« 

80. Fisher, Thomas "An Evaluation of the Junior ^Hlgh Science Program, 

Interaction 'Of Man and the Biosphere . " School Science and Mathematics , 
Vol. 73,N6. :2rp. 106-110, February, 1973. 

81. Frosch, Dorothy Ann. "An Investigation of the College General Biology 

Curriculum aa an Integrated Part of the Preaervlce Training df Ele- « 
^ . mentary Teachers." Unpublished doctoral dissertation. Central State 
University, WUberforce, Ohio, 1973. 

82. q||l^ner, P. L. "Changes in Attitudes of P.S.S.C. Riysics. Students ; A 

Second Look." Australian Science Teachers Journal , Vol. 19, No. 1, 
/ p. 71-78, March, 1^73. 

83. ^"' Gatta, Louis A. "An Analysis of the Pass-Fall Grading System as Compared 

^ to the Conventional Grading System in High School Chemistry." Journal 

of Research in Science Teaching , Vol. 10, No. 1, p. 3-12, 1973. 

84. .Geisert, Paul. "Performing a Problem Survey - Data for Educational Change." 

Science Education , Vol. 57, No. 4, p. 533-538, October-December, 1973. 

85.. Gessner, Peter K. "Evaluation of Instruction." Science, Vol. 180, No. 
4086, p. 566-670, May, 1973. 

a 

86. Gilbert, Charles p. "An Examination of Readability Levels for' Selected 

Basic Science ;3:ext8^" School Science and Mathematics , Vol. 73, No.*" 9, 
wJ> p. 747-758, December, 1973. 

87. Gilbert, Charles D. and W. Paul Mort'enson. "Problem-Solving Behavior of 

First Grade Children j^rom Differing Soclo-Economic Backgr9und8 . " 
&^ool Science and MalEhematics , Vol. 73, No. 5, p. 398-403, May, 1973. 

88. Gollshan, Mahtash Eslandlarl. "A Detailed Analysis of a Child's Conception 

of Physical Phenomena." Dissertation Abstracts , Vol. 34:2, p. $34A, 
1973. 

89. Goodwin, G. L. ''Matriculation and Leaving Phys|,f:S; |^^ to 

Tertiary Studies . " South Australiaaa Sciefe^' iTeitchers Journaf « ^o, 733y 

p. 36-39, 'September, 1973. WT" ; v.- ^- ^ 

90. Gough, Ruby Louise. "An Historical Study of Science Education in Newfound- 

land." Dissertation Abstracts , Vol. 34:4, p. 1725A, 1973. ^ 

91. Graber, Ricliard Allen. "The Effect of SubJ^Iming Concepts ori Student ^ 

^ Achievement and the Interaction Effect of Subsumers with High and 

LOW Organizing Ability." Dissertation Abstracts , Vol. 33:12, p. 6789A, 
4973. 

92. Grobe, Gary H. ' "A Regression Approach, to Evaluating Instructional Programs 

in Science." Journal of Re'search Un Science Teaching , Vol. 10, No. 1, 
p. 55-62, 1973. 

93. ^ Grosmark, Jay Waldo. "The Relationship Between Achievement and Laborato'ty 

Skillfi to the Number of Experiments Performsd by the High School^ 
Cliemistry Student." Dissertation Abstracts , Vol. 34:6, p. 3176A, 1973. 




70 



94. Gro5», Bernard F. "Scientific Literacy and the Nonsclence Kajor." Journal 
of College Science Teaching . Vol. 2, Ko. 3, p. 10-14, February, 1973.. 

I ^ 

95. Hackett, Dorothy Nichols. "The Integrated Baalc Science Course at Kalamazoo 
Valley Community College." DlBsertatlon Abstracts . Vol. 34:6, p. 3177A, 
1973. 

96. Hackett, Dorothy and Iray V. Holt. "Biological Science as an Audlo-Xatorlal 
System of Instruction for the Non-Science Major." Science Education > 
Vol, 57, No. 4, p. 4^9-516, October-December, 1973. 

97. Hall> Carolyn-Irwin. "The Effect of Amplified Elementary Sdlence Reading 
Materials Upon the Comprehension of Upper Grade Elementary School p 
Children." Dissertation Abstracts , Vol. 34:2, p. 557A, 1973^ 

■. . . . ■ ■ " ' J 

98. Ball, John Franz. "The Use of History of Science Case Studies vlth First 
Year Education Students to Teach Skills Involved in Scientific Thinking." 

- University Microfilms, Ann Arbor, Michigan, 1972. 

99. Hall, John Ruthven. "Conservation Concepts in Elementary Chemistry." 
Journal of Research in Science Teaching . Vol. 10, No. 2, p. 143-146, 
1973. 

100. Halsted, Douglas Alan. "A Comparison of Two Methods of Teaching Molecular 
Architecture to High School Chemistry Students." Dissertation Ab- 
stracts . Vol. 34:6, p. 3177A, 1973. 

101. Hanson, John and Ronald Raven. "The Effects of a Structured Learning 
Sequence on the Achievement on Compensatory Tasks." Journal of 
Research in Science Teaching , Vol. 10, No. 3, p. 257-262, 1973. 

102. Hansen, Gerald Herman. "An Investigation of the Influence of Two Different 

Elementary School Science Programs on the Intellectual Development of ^ 
Sixth-Grade Children Using^Plaget-Type Tasks." Dissertation Abstracts . 
' Vol. 34:6, p. 3178A, 1973. t 

103. Hansen, Richard A. and James L. Neujar. "A Comparison of Career Development 

Betwerai Males tod Females Gff ted in Science." Proceedings of 81st ^ 
Annual Convention of the American Psychology Association^ Montreal, 
Canada, 1973, Vol. 8, p. 669-670. 

104. Heffeman, Daniel F. "A Comparison of the Effects of Individualized Sclence^^ 
^\ . Instruction with Ttadltional Science In^truction^in Junior High School." 

University Microfilms, Ann Arbor, Michigan, 1973. 

105. Hlbbard, K. Michael, '^he Differential l^ifects of Concrete Props and 

Graphics in Instructional Material for First Grade Children of Varying 
Cognitive Structures." Paper presented at the annual meeting of the 
National Association for Research in Science Teaching, ^Detrolt, 
' Michigan, March, 1973. 
ED 082 950 8 PP- 

106. Hlbbard, Mike. "The Relationship Between Concept Attainment and Verbal 

Predictive Ability for Primary Grade ^Children. " Pa^>er presented at 
the annual meeting of the National Association for Research in Science 
^ Teaching, Detroit, Michigan, March, 1973. 

ED 084 100 ^ * . ^ PP- 

107. High School Physics Teaching: Report on Current Practices. American 

Institute of Physics, New York, New York, 1972. . 99 pp. 



.0 



ERIC ' . " • 77 




71 



108. Hill, Brenda Wallace. "An Evaluation of Audio-Visual Slide/Tape Units and 

Teaching for Creativity in College General . Chemistry Laboratory In- 
struction." Dissertation Abstracts ^ Vol. 34:4, p. 1726A, 1973. 

109. Himaya, Makram I. "Identification of Possible Variables for Predicting 

Stud^t^ Changes in Physical Science Courses Designed for Nonscience 
Majors," Dissertation Abstracts , Vol. 34:1, p. 67A, 1973. 

110. Hoagland, Carl Weston. "The Selection Process: The First Step of Teaching 

by the Inquiry Methodology." University Microfilms, Ann Arbor, 
MJthigan, 1973. 

111. Hockey, S. W. "A Statistical Analysis of the Nuffield Physical Science 

Project Assessment." Physica Education . Vol. 8, No. 5^ p. 322-324, 
July, 1973. 

112. Hogg, D. R.*^ "Student Attitudes to programmed Learning." Education in 

Chemistry . Vol. 10, No. 1, p. 7-9, January, 1973. 

113. Holiiday, William G. "A Study of tftie Effects of Verbal ^d Adjunct Pic- 

torial Information in Science Instruction." Paper presented at the 
annual meeting of the National AiEtsociation for Research in Science 
Teaching, Detroit, Michigan, March, 1973. 

"teD 079 065_ 15 pp. 

114. Holliday, William G. "Critical Analysis of Pictorial Research Related to 

Science Education." Science Education , Vol. 57, No. 2, p. 201-214, 
April/June, 1973. 

lift. Horn, Jerry G. "Risk-Taking in Explanation of Biological Events." 

Journal of Research in Science Teaching , Voliii,10, No. 4, p. 341-346, 
1973. 



116. Hoyt, Donald P. and Paul M. Muchinsky. "Occupational Success and College 

Experiences of Engineering Graduates." Engineering Education , Vol. 
63, Ilo. 8, p. 622-623, May, 1973. 

117. Hudgins, Thomad Barry. "A Comparison of Psychoanalysis and -Pragmatism as 

They Relate to Inquiry." Dissertation Abstracts , Vol. 34:4, p. 1703A, 
1973.V 

118. Huff, Phj^jK* and Marlln Languls. "The Effects of the Use of Activities 

6n >SAPA on the Oral Communication Skills of JDlsadvantjaged^.,, 
^ . Kin'defgar ten Children," Journal /of ^Res earch in SQl^ncc^ feaching. . - 

v-- - • ■ yo^.{.io. No. 2, p. i6Vi737T^7Br-~TTr-T-'^-^^ 

119^. Hunter, Walter E. "Individualized Approaches to Chemistry vs. Group 

Lecture Discussions." Journal of College, Science Teaching , Vol. 2, 
No. 4, p. 35-38, April, 1973. 

Ivany., George, pet al . "High School PJjyslcs Teaching, Part 11.'^ Physics 
Teacher . Vol. 11, No. 5, p. 289-294^ May, 1973. 



121. Jackson, Maxine S. "Selected Institutional' Characteristics and Special 
Implications for Science Teacher Education in Predominantly Black 
Colleges." Dissertation Abstracts , Vol. 33:12, p. 6769A, 1973.^ 

12?. Jacobs, Joseph H. "Insight Learning Through Structured Observations of 
Classroom Interaction." * Journal of Research in Science Teaching , 

Vol. 10, No. 3, p. 213-220, 1973. 



'78 



72 



123. Jensen, Gary Dean. "The Development and Evaluation of Some Behavioral 

Objectives for the Laboratory of a Non-Major College Level ^Course 
in General Biology." Dissertation Abstracts , Vol. 33:12, p. 6689A, 
1973. 

124. Joels, Kerry Mark. "Effectiveness Parameters fo:^^^tj4 Use of Educational 

Television from Space as a Supplemental Curricular Device." 
D issertation Abstracts . Vol. 33:12, p. 67A6A, 1973. 

^ 125. Johnson, Roger, Jr. "The Process of Categorizing in High and Low Socio- 

Economic Status Children*" Science Education , Vol. 57, No." 1, p. 1-7, 
January /March, 1973. ^ ' 

• , ' ' 

126. Jones, Dixie James. "Evaluation of the Science Education Program for Pros- 

pective Secondary Science Teacher^ at the University of New Mexico." 
Dissertation Abstracts . Vol. 34:1, p. 203A, 1973. 

127. Jones, Donald E. and David F. Roswell. "The Course Content of General 

Chemistry: A Decade Latier." Journal of Chemical Education , Vol. 50, 
No. 5, p. 359-360, May, 1973. 

128. * Jungwirth, E. "A vgtudy of the Biological Preferences of Secondary School 

Pupils in Israel." Journal of Biological Education . Vol. 7, No. 1, 
p. 34-40, 'February, 1973. 

129. Jungwirth, E. "Scientists Peo]5le." Journal <of College Science Teaching, 

Vol. 2; No. 3, p. M-27, February, 1973, 

130. Jungwirth, E. and P. Tamir.' "The 'Teaqher's Image' as Predictor of Student 

Achievement." Journal of Blologlbal Education , Vol. 7, No. 5, 
' p. 40-55, October, 1973. ' 

"131. Kaur, Hajinder. "Evaluation of the Science Process Skills of Observation 

and Classification." University Microfilms, Ann Arbor, Michigan, 1973. 

^ - - - 

132. Kavanagh, Daniel Gushing. "An Investigation of Port^ns of a Model 

Hierarchy for the Acquisition of the Concept of Speed." Dissertation 
Abstracts , Vol, 33:12, p. 6746A, 1973. \ 

« 133. Kelly, P. J. and R. B. Ni cod emus . "Early Stages in the Diffusion of the 
Nuffield A-Level Biological Science Project 1" Journal of Biological 
Education . Vol. 7, No. 6, p. 15-22, December, 1973. 

'v^ ..l. d34.^^ I?elley^ Riisseil Victor , Jr. ■ "Iristnictibnal ,gb^t|^^^ 

w ^ v. :v..r" ^ ' . ■'If^ Prediitri;^?^ Academic Af^^femehi^^' TCs^^tation Abst^ets ^ J . . >. ' 
'^' Voi: 34:1| p.. 186A, 1973. ^ ' ^ • 

135- Keller, E. L. "The Relationship Between Selected Structure of Intellect 
Abilities and Achievement on Fifth Grade Students in a Sequence of 
Science Activities that Develop the Concept of Molecular Bonding." 
•Unpublished doctoral dissertation. New York University, 1973. 

136. 'Kemper, Leon Wilflur. "Semi-Automated Experiments for the Secondary 

Physics Curriculum." Dissertation Abstracts , Vol. 34:4,. p. 1726A, 
1973. 

137. Kennedy, Thomas G. "The Effect of Process Approach Instruction Upon 

Changing Pre-Service Elementary Teachers' Attitudes Toward Science." 
School Science and Mathematics , Vol. 73, No. 7, p., 569-574, October, 
1973. 



ERJC • 



73 



•■' . ■ ' ■ 

138. Khan, Sar B. and V. R. D'Oyley. "Prerequisite Abilities for Success in 

Engineering." Engineering Education , Vol . 6A, No. 1, p. A3-45, 
October, 1973./ 

139. Klopfer, Leopold E. "A Structure for the Alfective Domain in Relation to 

Science Education." Paper presented at the annual meeting of the 
National Association for Research in Science Teaching, Detroit, Michi- 
gan, March, 1973. 

ED 065 329 25 pp. 

140. Knapp, Clifford Edward. "The Acquisition and Transfer of Botanical 

Classificatipii by Elementary Science Methods Students." Dissertation 
Abstracts . Vol. 34:4, p. 1727A, 1973. 

141. Knight, Carlton W. , II. '^Doctoral Dissertation Research ih Science and 

Mathematics Reported for Vol. 31 of Dissertation Abstracts: Part 1 
(Science)." School and Science Mathematics . Vol. LXX III, No. 1, 
Whole 642, January, 1973. 

142. Koch, David P. "Effects of Students' tJse of Behavioral Objectives oa 

Achievement, Confidence, and Learning Environment in Project -Physics ." 
Dissertation Abstracts. Vol. 33:12, p. 6747A, 1973. 



143. Kohn, Harold W. "Student Opinion Polls''," Journal q^^emlcal Education , 

Vol. 50, No. 10, p. 714-715, October, 1973. 

144. Koos, Eugenia M. "A Report on Development^ Studies of a Series of • 
' " Measures of Inquiry Skill in Biology,' Explorations in Biology." 

Mid-continent Regional Educational Lab oratory^i Kansas City, Missouri, 
. 1972. 



145. Koran, John J., Jr. and Mary Lou K^an. "Differential Response to Struc- 
ture of Advance Organizers £ti Science Instruction." Journal of 
Research in Science Teaching, Vol. 10, No. 4, p. 347-353, 1973. ♦ 



146. Krai, William Kevin. "Effects of a Supplemental Science I'rogram on Achieve- 

ment of Students with Different Socio-Economic and Ethnic Backgrounds." 
Unpublished doctoral dissertation, Oklahoma State University. 

147. Kraus, Marcus. "Science Education in the National Parks of the United 

States: A Descriptive Study of the Development of Science Education 
Programs and Facilities by the National Park Service and the,:Rer^ 
lationship of xJiese to t;]^^ ^vent of Nature Study and Conservatigp • ;^ 
Education in America'." il^fertation Abstracts , Vol.^34s'6, 3l7^A, 
■ 1973. * * V - ( ^■ 

• iv. . ,. , 

148. Krause, Leonar^l Michael. "Activities in Social Biology: DeVelb^ittfetib , 

and Reactions by Secondary School Biology Students." Dissertation 
Abstracts, Vol.^ 34;4, p. 1727A, 1973. 

149. Kuhn, David J. "A Study o^ the Effects of Increased Levels of Information 

on Subsequent Problem Solving Behavior." School Sc ience and Mathe- 
matics , Vol. 73, No. 2, p* 111-117, February, 1973. ^ 

150. Kuhn, David J. "A Study of the Relationship Between Various Academic and 

Professional Factors and Selected Elementary School Science Teaching 
' Competencies." Paper presente^d at the annual meeting of the National 

Association for Research in Science Teaching, Detroit, Michigan, 
March, 1973. 

ED 065 329 • 15 pp* 




, X51* 



153. 



154. 



155. 



156. 



157. 



158. 



159. 



160. 



161. 



162; 



163. 



164. 



Ru1bi» Karl F* j Change In Theoretical Orientation of Freslnnen in JScienca 
Courses at the University of Kentucky." Dissertation Abstracytfs . 
t:3\, p. X097A, 1973. ~' / 



_yol. 34: 



152. Laurldsen» La 



tonte Irvy. "An Investigation of the Effects of ISCS Level 



Abstracts 



p. X097A, 1973. 



One on Selected Affective Variables of Students." Dissertation 



, Vol. 33:12, p. 6747, 1973. 



Lawlor, Francis X. and Elizabeth P^. Lawlor. "Teacher Expeotations^ A 

Study of iTheir Genesis," Science? Education . Vol. 57, No. 1, p. 9-14, 
January /March , 1973. , & 

I 

LawsDHT Anton jEyric. "Relationships Between Concrete and Formal Operational 
Science subject Matter and the Intellectual Level of the Learner." 
Dissertation Abstracts , Vol. 3^:6. p. 3179A, 197ij. 

.Lazarowltz, Rtuven. "The Development and Use ofT^echnique for Deter- 
nddg the Inqt^ry Teaching Attitude of Secondary School Science 
jMching." Dissertation Abstracts , Vol. 34:3, p. 2441A, 1973. 

Leake, John B. and' Charles 0. Hinerman. "Scientific Literacy and School * 
Chiaractgtlstics." School Science and Mathematics . Vol. 73, No. 9, 
p. 772-7{82, D^cei^er, 1973. ^ / " 

Lee, Anil Lc^ise Modre. "A Comparison of' Computer^Assisted Instruction and ^ 
Traditiopjal Laboratory Instrudtion in an Undergraduate Geology Course." 
Dissertation ^s tracts . Vol. 34 :5 . p. 2273A, 1973. 

■5 ■ ' . - 

Leflcowitz, Arnold Nathan. ''Dependence-Froneness as a Criterion for the 
Grouping' of Students in the Chemistry Laboratory." Dissertation Ab- 
stracts . Vol« 34:6, p. 3179A, 1973. . 

Lerch, Robert D. "An Evaluation of*>4fe Divergent Physics Laboratory." ' 
Science Education , Vol." 57, No. 2, p. 153-160, April/June, 1973. 

Linn, Marcla C. and Rita Peterson. "The Effect of Direct Experience 
with Objects on Middle Clasps, Culturally Diverse, and Visually Im- 
paired Young Children.',' Journal of Research in Science Teaching , 
Vol. KT^ No. 1, p. 83-90, 1973. 

Linz, Ludwlg William. "The Relative Effectiveness of Inductively and 

Deductively Sequenced Modes of Teacher-Centered Presentation in High 
Sdhool CJhemlstry." Dissertatdron Abstracts , Vol. 33:12, p. 6748A, 

197.3-. , , - ^ 

■ ■ • ■ ' - ■ " ' .r'-^^' 

Loc, tiua Vang. **A Macro-Designoof an Operational Mqllel for the Development 
o£ Ch!Bml$tr^' In^^Ei^riJsuii: Impli Education 

in Vietnamese Secondary Schools and for tKe^Fte-^ervice Education of 
Prospective Physics and Chemistry Teachers in Vietnam." Dissertation 
Abstracts . Vol. 33:12, p. 6748A, 1973. ^ 

Long, Nancy Thurston. "Science Curriculum Improvement Study (l^CIS) : Its 
Effect on Concept Development and Manipulative Skills in Visually 
Handicapped Children.-" Dissertation Abstracts . Vol. 34:4, p. 1738A, 
1973. 

► "' % 
Maben, Jerrold William. "Science Teaching in Elementary Schools." Science 
Teacher, Vol. 40, No.CR, p. 40-41, October, 1973. 



81 . 



75 



165. Mackay>. Lindsay D. "Changes In Physics Teaching in Four Yfears ^of PSSC." \ ^ 

Australian Sclcaace Teachers Journal , Vol. 19, No. 2., p. 83-87, * -CIS-.* ^.LT^ 
June, 1973. ~~~ . 

166. Macon, Ernest M.; Jr.. "A Study , of the Characteristics 'and Opinions of ^tjhe 

Participants of the Nationa^L Science Foundation Academic Year Insti- 
tutes for Biology Teachers*" Dissertation Abstracts , Vol: 34:5, 
. p. 2441A, 1973. ; 

167. Haddock, Maxwell Noel. "A Pilot Study to Develop, Refine, an(i Field Test 

an instrument io MeasyeVthe Attitude of Papua New Guineans Towards 
the Investigation, Cofitrol and Manipulation of Natural Phenomena." 
Dissertation Abstracts , Vol. 34;4, p. 1728A, 1973. 

168. Magnus, Douglas Leslie. "A Coinparison Between Teacher-Directed Instruction 

and Student Self-Directed Study in Physical Science for Undergraduate 
Elementary Education Majors. T Dissertation Abstracts , Vol. 34:6, 
p. 3214A, 1973. 



169. Main, Cecil. ^^Characteristics of a Group of Woman Science Teachers." 

School. Science and Mathematics , Vol. 73, No. 4, p. 286-290., April, 
1973. , ' . 



tf 



170. Main,. Cecil and Paul^. Hounshell . \ "A Comparative Study of Personality 
and Behavior of Science an<f Non-Science Teachers." Journal of Re- 
search in Science TeacHlng , Vol. 10, No. 1, p. 63-73,^^1973. 

• ,. 

i7r. Malp*s, Anthony J. "Mathematics; and Science in the oSecondary School." 
Education in Science . No. 52, p. 27-32, April, 1973. 

172. Mandelare, John James. "An i^alysis of Expressed ""cogjiltlve Preferences 
on Forced-Chpice, Multiple-Option and Rating Instruments. 
Dissertation Abstract^ , VqI. 34:4, p. 1728A, 1973. ^ , 

.173. Manning, Ivory C. "Job Motivatidn and Satisfactions of Science Teachers 

in feredominantiycNegro Colje^es." Dissertatio n Abstracts, Vol. 34:5, 
p. 2338A,' 1973> ' ' - 

174. Marlins, Jjfines t3. "A^; Study of the Effects of Using the Counterintuitive « 

Event in Science Teaching on Subject-Matter Achievement and Subject- 
^1. Matter Retention of Upper-rElementary School Students." Dissertation 
Abstracts ,. Vol. 34:5, p. 2413A, 1*?73.-, 

175 . Matihanickal , Joseph Ulahai^njm . "Dimensions of Science Interest Activity 

from Racially Diff^&t Jiinfor High School Populations." Dissertation 
Abstracts . Vol. 3*4:3(, p. 1147A, 1973. , " 

176. Mathis, Philip, M., "Student Achievement Under Two Levels of Kinetic Struc- 

■ ture in College-Level Biology." Dissertation Abstracts , Vol. 34:6, 

p. 3180A, 197^. ' ' . 

9 ■'• . _ 

177 Ma:^er William V. "Evolution and the Law." American B iology Teacher, . 
Vol.; 35, No. 3., pTl44-145, 162, March, 1973. ^ 

178. McDuffi^e,'Thomas E., Jr. and Matthew Bruce. . ''Predicting High and Low 

Success Group Membership in an A-T Biology Program." Paper presetfted 
. at the. annual meeting of the Nati6nal Assbciation for Research in 
'science Teaching! Detroit, Michigan, Marcji, 1973. 
ED 080 ' 308 . * ' PP' 




82. 



179. McElhattun, Glen R. "Devolopaent of an Autorlnstnictional Approach for' 

the. Xndividualisatlon of Instructicj^ In a, College Physical Science 
Course for Prospoctivo Bleaentaxy Taachora. Final Report." 

;ED 082 m : \ ' / ^ ^ 196 pp. 

180. McKenna, Earol^ James, Jr. "Ah Innovative Environmental Science Education 

Program for Secondary School Science Teachers." Diascttation Abstracts. 
Vol. 32^:5., p. 2443A, 1973. " ■ 

181. Merkle, Dale Gordon. "A Study of J:he Effects of a Reading Method vs. an 

Activity Method on the Learning and Retention of Simple Concepts J)eal- 
ing with Pendulumu." Paper presented at the annuaj. meeting of the 
National Aosociatli^ for Research in Science Teaching, Detroit. 
Michigan, MarchVm^. 

ED 084 102 pl'-^-'.^ . . 1^ PP- " 

182. Mllby,^ T.. H. ''Teaching Miological Literature-." Bioscien ce. ° Vol> 23." 

No. 11, p. .663-6^5, ^vember, 1973. - 

183. Miller, Jerry Loula. "AnjWsessment ojc the Effects of.' AerosScBS^ Education 

Workshops Upon the Teiiching of Aerospace Educatibn Concefetr^in Selected 

Schools in Okl|(homa."f '^^ - ' — --t 

1973. ^ U 



Dissertation Abstracts . Vol. 33:1Z, p. 6776A, 

ilationship to 
324-33, October, 



^[ ■ - ' • ... ' 

184. %llUaan, Mancil V7. c^d R|bert Reid. "Homework: "its Relationship to 
1973°^^*" ^"^^"^^^^.^ Education , Vol. 64, *No. 1, p.^32j-33, Octobei 



185. Milpon, J^es L. "AttitiAe Change as a Result of a Shoit Courie on Environ- 

/ mental Quality presented at the «mnual meeting^f the National 

^QQ^ciatlon for Resaarch in .Science Teaching, Detroit, MlcHigan, Marc^,*\ 

: f 077 683 . I \ : : ' 14 pp. . : 

186. ' Mitchell, Charles W. |the Effefct^ of Teaching Science IJ^tho da Through an . 
• Open Learning Envi^fonment on Selected, Attitudes and'^erceptions of 

Prospective Elementary School. Teachers .." ^Papef pre^sented at the annuijl 
^ <cc, meeting, of the National ^Science Teachers AssociatrBit, Detroit, Mlchican. 

t?'^ March, 1973. i/ 

ED 077 722 " - ' ^ * ^ ' ^ 22 pp., 

187* Modfe,- William James. "4n Analysis of Student Outcomes in Biology When 
^ Audid Tapes are Used to Supplement Reading forfLow Achievers." 

Dissertation Abstracts , Vol. 34:6, p. 31-80A, 1973. 



188 



hori, Ichio and, Nikom Tidangi. "The Effect'of (Abnormal Speed Motion Picture 
Films on a Child *p Stoatio^Temporal Rejiogn^'tl^n. Part 1: On the Devia- 
tion of Estitnated fiiie of a Falling Body /^l, Science Education . Vol. 57, 
• No. 3, p. 319-324, Jily/September , 1973. J 



{ 

ERIC 



83 



189. Mori, Ichio and Nikom Tadang. "The Effect of ^'Abnormal Speed Motion 

Picture Films on,ajChild*s Spatio-Temporal Recognition. Part 2: Qn ^ 
^tHe Comparison of Sfynchronous and Isochr6iious Events." Science " ' ^ 
Education . Vol. 57^ No. 3,' p. 325-330^ |uly/Septeinbfer 1973 . ' 
J- ^ , . . ' \ 

190.. Morrison, William Sech|er. "A Study ?of the Comparative Effectiveness, of 
Zoology Prerequisites at Slippery Rock State College."^ Dissertation 
Abstracts . Vol. 33:12^ p. 6694A,' 1973. ^' c " ' 



It 



u ■ / - ■ ■ • . . 

191. Moaer, Gen« W. '^Xhp Use of Information Theory to Study Human Learning." 

Paper presented at the annual, meeting of the National AssoclatifOn 
for Research In Science Teaching, Detroit, Michigan, >Iarch, 1973, 
ED 0«6 470 ' . ■ 66 pp, 

192. Mot tint), Joseph Louis, "A Comparative Analysis of Achievement and 

Attitudes of Twelf th Grade PSSC^IhyslcSc' Students \^hen Thiey Receive 
as Opposed to l^hen They do Not'^colv* behavioral Objectives Prior 
to Instruction." Dissertation Abstiracts , Vol. 34:6, p. 3p34A, 1973, 

193. Mulllifs, Richard F, and Edwin M. Perkins. "Increased Self-actualizatf%i 

as a Result of an Intensive One Semester Academic Program," Journal 
of Educational Research . Vol. 66, No, 5, p, 210-2*1, January, 1973. 

194. Munby, A, Hugh, "The Brovision Made for Selected Intellectual Conoe- 
j quences by Science Teaching: Derivation and Application of an 

/ Analytical '^^chene.V Unpunished doctoral dissertation^ University 
of Toronto i 1973, I / 

ED 082 948 i 307 pp. 

Ifti. Murray, WiUitti Henry, III, '^JpvelOpment of Macrosco]E*ic Crystal Models 

* to DemQne&rate Dif fr^ct^^W Techniques Using Microwave Radiation, with 
Accompanyi^jf Cc^Uterv^r^rams and Laboratory Investigations," 
Dissertation^ irjfel^ta^^; ^ . 34:4, p. 1730A, 1973, 

196. National Assessment of Education Progress Report 7, Science; Group and. 

Balanced Group Results' for Color. Parental Educati on. Size and Type 
of Comnunitv. and Balanced' CTrot^p Results for Region or the Country, 
i and- Sex , Superintendent Doci^ento, Government Printing Offlpe, 
J Washing to*n, dJc,; 20402, / jr n.c 
ED 081 638U^ V*^ ^- ^ * , 215 pp, 

197. Nelsoii, Miles A. , •'Discussion ^Strate'gies and Learning Science Principl'es , " 

Journal of Research in Science teaching . Vol. 10, No. I, p, 25-38, 
1973, . . ^ • . ' . ^ 

198. Nelson, Tetry F, and Mard^^ L, Bennett, '*Unit Si2e and Progress Rates in 

- % Self-Paced Instruction," Journal of CotlORe S cience Teaching, Vol. 3, 

No, 2, p. 130-133, December, 1973, 

199. 'nous, Albert and Ronald Raven, "The Effects of a Structured Learning 

Sequence on Children's Correlative Thinking about Biological Phenomena, 
. a Journal of Reseat&K in* Scierifce Teaching . Vol, 10, No. 3, p, 251-255, 
1973, „ ' ^ ' » 

200. Novak, John H, J'A StudyQof the. ti^ects of th^lJse of a Student Response 
* " Instrument on the Beha>?iors^of Biological Science Teachers, 

V Dissertation Abstracts , Vol. 34:3, 'p- 11^8A, 1973, 

201. Obenauf, Patricia Ann. "Deyelopment of a Personalized Conceptual, System^ 

for theTlnquiry Process." Dissertation Abstracts , Vol. 34:4, p. 1730A, 

* . 1973. ■ ' ' / ■ ' . 

- ■ \ . 

. 202. Okey, James R. »^e Effects of a Mastery Teaching Strategy on Teacher 
Attitudes and* Ptipil* Achievement.^'^ Paper presented ht t^i -annual 
meeting of the National Association for Researdh In Science Teaching, 
Detroit, Mi6higan, March, f973h ' ' 



0 



ED 080 311 



9 PP- 



ERIC . 



78 



203. Olsen^ Robcxt Chorleo. "A Comparative Study of the Effect of Behaviorar 
Objective^ on Claso Performance and Retention in Physical Science." 
• Journal of Reooarch in Science Teach ing, Vol. 10, No. 3, p. 271^277 
^ 1973^^ ~ '. ~ 

Z04. Orgren, Jamoo RV "The ^Sffects of an Earth Science Curriculum Revioion on 
Teacher Behavior and Student Achievement," Dissertation A batracto. 
^ ^ Vol. 34:5i p. 2414A, 1973. ' 

205. Otto, Paul Bernhardt. "A Study of Moot Belief o Held by Twelfth-Grade 

Studonto in Wisconsin Public Schoolo." Oissertation Abatr acto. 
Vol. 33:12, p. 6749^ 1^73. ^~ 

206. Parker, DeAnsin Goodson. '"The Effects of Method of Hierarchical Organi- * 

zation and Sequence on Children's Learning." Bclssertation Abstra cts. 
Vol. 34:6, p. 3036A, 1973. [ 

207. Pempek, Louise C. and David 3^. Blick, "An Evaluation of Elementary 

Teachers' Behaviors and Attitudes in the Use of Inquiry-Oriented 
Science Programs." School Science and Mathematics . Vol. 73, No. 5, 
p. 414-419, May, 1973^ ' 

208. Penna, John P. "A Correlation Between the ACS-NSTA Cooperative Exam and 

the CEEB Achievement Test," JourmTl of Chemical Education . Vol. 50, 
No. 8, p. 558, August, 1973, ! 



209. 



210. 



Perkes, Albert Cordell. "A Survey of Environmental Knowledge and Attitudes 
of Tenth and Twelfth Grade Students from Five Great Lakes and Six 
Far Western States," Unpublished doctoral 4isoertation, The Ohio 
' State University, Columbus, 1973. j 

ED 080 350 n ^ , \ . ' 208 pp. 

Peur^, Robert A., et al , "Evaluation of Four Semesters* Experience in an 
IPI Control Engineering Course." Engineering Education . Vol. 63, 
No. 7, p. 534-536, April, 1973. 



211. Pharrls, Jinsnie L. *Do You Like Physics?" School Science and Mathematics . 

Vol, 73, No. 4, p. 283-285, April, 19737*^ ~^ • 

*^212. Phillips, John-^rwood» *^e Relationsljip Between Selected Piagetian 

> Tasks and Knowledge of the Contend Areas in<^iFif th-Grade Children." 
Dissertation Abstracts > Vol. 33:12, p. 6778A, 1973. 

213. Phung, *Thi Nguyet Hong. "A Proposed Bioiogy Teacher Training Program for 

Secondary Scl^ool Teachers in .the Mekong Delta Region of Vietnam." 
Dfsser^ation Abstracts .Vol. 34:6, p. 3218A, 1973. 
/• . ? ■ 

214. Pizzini, Edward L. "An ^Analysis of the Effects of t.an Undergraduate Pre- 

Sdrvice Teacher Education Program on Selected Personal Character- 
istics," Dissertation Abstracts . Vol. 34:6, p. 3219A, 1973. 

215. Power, Colih N. "The Unintentional Consequences of Sciende Teaching." 

Journal of Research in Science Teaching , Vol. 10, No. 4\ p. 331- 
339, 1973* 

216. Qutub, Musa Y. "Academic Preparation of Earth Science Teachers 

Massachusetts." Science Activities , Vol. 8, No. 5, p. 36-3^^, 
.January, 1973. o 



-85 



I 




/ 



« i ■ 

217. Raven, Ronald J. "The Development of a Test of Plagot's Logical Operations.^ * 

Science Education . Vol. 57, No. 3, p. 377-385, July/September, 1973. 

218. Reed, George. "The Planetarium VeroutJ the ClaQSroom - An Inquiry Into 

Earlier Impllcatlona ." ^School Science and Mathoaatlcs , Vol. 73, No**,^,^, 
p. 553-555, October, 1973^ ^. " f 

219. Reese, Charleo DonnlG. "The] Cons traction of a Pictorial Clasoroom Test 

in Biology and an Evaluation of Administering the Test by Fout Dif- 
ferent Procedures," University Mcrof ilms , Ann Arbor, Michigan, 1973. 

220. Reis, Richard M. "Developing atf Understanding of Hypothesis Formation and 
Testing in Science, Two Contrasting Approaclies." Monographs in Edu- 
cation No. 9. Memorial University of Newfoundland, St. John's, 1972. 

^^^21. Renne, Thomas, et al . "The Effect of Verbaiizers on the Achievement of 
Non-Verbalizers in an Enquiring Classroom." Journal o f Research in 
Science Teaching . Vol. 10, No. p"". 113-124, 1973. 

222. Renner; John and Anton E. Lawson, "Promoting Intellectual Development 
Through Science Teaching." Phvslcs Teacher , Vol. 11, No. 5, y, 273- 
276, May, 1973. ^ ( 

223'. Renner, John W., et aT . "An Evaluation of the -Science Gurriculum W)rovc- 
ment Study." School Science and Mathematics , Vol. 73,, No. 4, ps^91- 
318, 1973. ' 

224. Rlecfcard, Donald E. '*Life-Science Concept Development Among Beginning 

^indergartfen Children from Three Different Community Settings." 

Journal^ of Research in Science Teaehlng . -Vdl . 10, No. 1, p. 39-50, , 
, 1973. 

225. Riggs, Julia Ree. "An Analysis of Student and Instructor. Reactions to 

Biology and Selected Techniques of Biology Laboratory Instruction 
in Two-Year Colleges." Dissertation Abstracts , Vol. 34:2, p. 635A, 
1973. ^ 

226. Rookey, T. Jerome. "IPI and the Affective Domain." (Mimeographed paper, 

1973.) 

ED 088 686 ^ ' i:? pp. , . 

227 Rosier M. J . "^'^Statistical Picture of Australian Science Teachers— 4. 

Some Results from the lEA Science Project." Australian Science 
- Teachers ^Joumal . Vol. 19, No. 4, p'. 2^-39, December, 1973. 

228 Rosier, M- J. "Science Education in Australia from an International 

Perspective." Australian Science Te achers Journal. Vol. 19, No. 3, 
p. 77-83, September, 1973. 

229. Roth, Charles H. , Jr. "Continuing Effectiveness of Personalized Self- 
Paced Instruction in Digital Systems Engineering." Engineering 
Education , Vol.. 63^ No. 6, p-. 447-540, March* 1^73. ' 

230 Rowe M. B. "Science and Fate Control;" Paper presented in Mexico City, 
June, 1973, Session III-C, AAAS-CONACYT meetings. Available as 
tape recording from the American Association for the Advancement of 
/^Science, 1515 Massachusetts Avenue, N.W., Washington, D.C. 20005, 
(153M-73) 



80 



231. Rowe, M. B. Teaching Science aa Continuous Inquiry . New York: McGraw^ 

Hill, 197T; ■ — 7 \ 

232. Rowoey, Robert Ellla. "A Comparative Study of Two Methods of Instruction 

In a University Animal Biology Course: Audio-Tutorial with Conven- 
tional Lecturp-IiOborAtory." Dissertation Abstracts ^ Vol, 34:6, 
p. 3182A, 1973'. 

233. Ryder, Virginia P. "A Docent Program in Science for Giftqd Elementary " 

Pupils^." Exceptional Children , Vol. 38, No. 8, April, 1972. ' 

234. Sabulao, Lily K. "The Effects of a Physical Science Course Using the 

Process Approach in Developing Attitudes and Competencies of Pro- 
spective Elementary School Teachers at Cebu Normal College, Cebu 
City, Phillippines.J* Dissertation Abstrac ts. Vol. 34:6, p. 3222A. 
1973. ^ [ 

235. Schpck, Norville H. "M Analysis of the Relationship Which Exists Between 

Cognitive and Affective Educational Objectives." Journal of Research 
in Science Teaching . Vol. 10,* No. 4, p. 299-315, 1973. 

236. Schofield, R. "Guessing on Objective Type Test Items." School Science 

Review, Vol. 55, No. 190, p. 170-172^ September, 1973^ ~ " 

23)7. Sdptt, Norval C. , Jr. "Cognitive Style and Inquiry Strategy: A Five-Year 
Study." Journal of Reaearch in Science Teachina . Vol. 10, No* 4, 
V p. 323-330, 1973. V '/ ~ 

238. Sears, John T. '^Measurement of Affective Behavior Changes in Students 

in an Innovative Engineering Course." National Center for Educational 

Research and Development (DHEff/OE) ^ Washington, D.C. 

ED 073 948 # 80 pp. 

• n 

239. Selms, C. "Nuffield A^Level Biology: Attitudes to Science." Journal of 

Biological Education , Vol. 7, No. 4, p. 43-47, August, 1973. 

240. Seympur, Lowell A. and Richard M. Bingman. "Development of Views and 

Preferences - C." Paper presented at the annual meeting of the ^ 
National Association for Research in Science Teaching, Detroit, \ 
Michigan, March, 1973. *r , \ 

ED 082 967 - a ' 24 pp. ' 

Shavelson, Richard J. "Learning From Physics Instruction." Journal of 
Research in Science Teaching . Vol. 10, No. 2, p* 101-111, 1973. 

242. Shaver, Paul M. "Scholastic Records of College Students Following an 

Independent Study Experience." SchooJ, Science and Mathematics . 
Vol. 73, No. 5, p. 420-424, May, 19.73. . 

243. Shaw, Stanley, et al . "A Survey and Study af Allen I^arish Schools irt * 

the Area of Science^ Education, Grades /-12." " ^ 

EP 079 105 ' ^ /- ' 64 pp. * 

*244. Sheldon, Daniel Steve. "An Analysis of^he .Effects of an Environmental, 
Program Upon the Participants EnrcQled." Dissertation Abstra'cts , 
Vol. 34:6, p. 2936A, 1973. / 

245. Shields, Theodore R. "An Evaluation of Achiev^ent"^ the Use of Behav- 
^ioral Objectiv-3 in 'an AudioyTutorial Biological Science Class." 
Dissertation Abstracts , Vol/ 34^6, p. 3182A, 1973. , 4^ 



■ ■ ■ '8-7 



ERIC 



r 



^ • ^ . , \ 81 

246. Shlnfleld, Sidney Louis. "A^^ Expferlmental Study to Determliie .the Ej^j^pcts 

/of an Independent Study Approeich to High School Chemistry." 
Dissertation Abstracts . Vol. 34!5'; p. 2X80A, 1973. 

247. Shipe, Richard . Allen'. "The Ability of- Teacher-Identified Noncollege Sound 

High School Biology Students to Identify Sxd Apply Selected Prlncepts 
of Biology." Dissertation Abstracts , Vol. 33:12, p^ 6602A, 1973. 

248. Shrigley, Robefrt "The Correlatloa of Science Attitude and Science 

Knowledge of Preservice Elementary Teachers." Pfper presented at the 
. annual jaae ting of the National Science Teachers Attsociation, Detroit, 
Michigan, March, 1973. 

ED 080 334 ^ ^ - . 13 pp. 

249. Sikes, William Hick, "A Study of the Nature an<i EffecWveness of the 

teaching of Environmental Problems to Gif ted Scienc^e Students in 
^ Texas Public_S^oJL9," Dissertation Abstracts . VolJ| 34:2, p. 635A, 

_ 1973. \ . ! - ^ 

250. Skinner, Ray, Jr. and Robert 3. Barcikowaki. "MeaBuring Specific tnterests c 

in Biological, Physical, and Earth Science* in Intermediate Grade 
Levels." Journal of Research in Science Teaching . Vol. 10, No. 2, 
p. 153-158, 1973. 

251., Smiley, Curtly Lee., "^A Con^arative Study of Compulsory Vs. Nqn-Compulsory ..o 
■ Attendance in Secondary Biology Using the Sysliems Approach to Biology 
Program as the Method* of Teaching." Dissertation Abstracts , Vol. 
^ 34:6, p. 2994A, 1973. * - * , . 

-p' * r . ■ „ ' *■ 

252. Sioith, Albert B^, et al . "Se^f-Paced Instruction and. College Student 

Personalities." Engineering Education , Vol. 63, No. 6, p. 435-440, 
March, 1973. . ^ * * . 

253. 'Smith, Prank A., Jr. "The Effect of Learning the Conaervation of Baryons, 

Leptons* and Charge on the Later Learning of the Conservation of r 
Linear Momentuto." Dissertation Abstracts . Vol. 34:4, p. 1731A,-1973. 

- * 

254 • Smitii, John P. "Classroom Prof lies of Three ESCP Taachers." Journal of 
Geological Education . Vol. 21, No. 4, p. 168-172, September, 1973. 

« 

255 • Smith j Sidney P. and Pat C. Smith .-^ "An Analysis of Teacher Self -Assessment 
and Related Student Perceptions Regarding Instructional Behavior of 
Junior High School Science Teachers." Paper presented at the annual 
meeting of the National Association for Research in Science Teaching, 
^ Detroit, Michigan, March, 1973. 

ED 079 070 9 pp, 

256. Smith, Thomas Eugene. "On-Line Computer Terminal Performance on Science 

Related Tasks of 'Concept-Attalienent Dissertation Abstracts , 
Vol. 34:1, p. 187A, 1973. 

257. Snyder, Phillip Burton. 'ULcrofossi'l Materials aa a Learning Resource . 

Nucleus for Developing Fundamental Concepts of Earth History'*" 
Dissertation Abstracts . Vol. 34:2, p. 636A, 1973. i 

258. Spoeri, William G. , III. ''The Application of Certain "Thematic Approaches 

to the Study of Introductory Physica." Dissertation Abstracts , 
Vol. 34:6, p.^83A, '1973. , . . 



ERLC 



■S8 



82^ 

259. Soh, K. C. "Dynamic Structure and Science Bias." Science Education , 

Vol. 57^ Ko. 3, p. 335-341, July/September, 1973. 

ft?' . i ■ 

260. Stftllings , Evlrett Sherman, III. "A Compirlson of the Inquiry Behavior;^ 

of XSP$ and Npn-ISCS Science Studentt as Meaaured by the Tab Science 
Test . " Dlsaer tatlon^Abstracta , Vol . 34, p. li49A, 1973* 

261. Stedman, Charlton H. "An Analysis of the Assumptions Unt^r lying . the 

Taxonomy of Educational Objectives: Cognitive Domain." Journal of 
Research In Science Teaching . Vol. 10, No. 3, p. 235-241, 1973. 

262. Stelner, Robert L. "Attltudea of Oregon High School Senlora Toward Some 
^ Environmentally Oriented Science Related Social laauea." Science 

Education, Vol. 57, Ko. 4, p. 417-435, October /Decembei'j 1973. 

263. Stokes, Elsie Loretta. "Effects of Frequency of Teatlng on Achievement 

In General Chemistry." Dissertation Abatracts , Vol. 34:5, p. 2414A, 
\ 1973. 

264. ^^traasenburg, A. A. and Lester ^. Faldy (eds.) ."Philanthropic Foundations 

Private Resources In the Public l^j^iftreat." Journal of College 
Science Teaching . Vol. 3, Ko. 2^^^. 143-147. December, 1973. 

265. Suamerlln, Lee^ald^Karj or le Gardner. Va Study of Tutorlal-Tyfe -Compute^ 

Assisted Inst^l^tlon In High Schoiid Chemistry." Joumiri/fe Research 
In Sdfence TeacMng , Vol. 10, Ko. 1, p. 75-82, 19717 ^ . 

266. Sumner, R. J. and K. A. Bfoadhurst. "School Group Performance In the \ 

Commonwealth Secondary Scholarship Examination," Australian Scii^ce 
Teachers Journal . Vol. 19, Ko. 2, p. 71-79, June, 1973. 
. ■ . ~ - V 

267. Sun, I/. H. M., Sister Agnes Joseph. "The Development of Procedures 

Assess Four Specified Conditions and Three Selected Outcomes of 
Student-Structured Leamiiig in Science." Dissertation Abstracts , 
Vol. 34:6, jp. 3183A, 3.973. ' ^ , 

268. Sunal, Dennis Wayne. **The Planetarium in Educatiij^WgAn Ecperlmeijital 

Study of the Attainment of Perceived Goal^i^^ l)ls»ertatlon /Abstracts 
Vol. 34:4, p. 1779A, 1973. ; 

269. Symington, D. J. and I. E. fiiawkins* "Tea<^fet lobjectiy^s for Primary 

Science: U.K. and Victoria." : iAustrallan Science Teachers Journal , 
Vol. 19, Ko. 2, p. 80-82, J^ne, 1973, ^JTB 

270. Talley ^ . jbawerend^ H . "ijie Use t»| Three-Dlmensional Visualization as a 

Modbratot in the Higher Cognltlv^:.3teamlng of Concepts in College 
Level Chemistry." Jjmmal of Research in Science Teaching , Vol. 10, 
Ko. 3, p. 263-269, 1973^ ^ ^ / 

271. Taylor, Loren E. "Predicted Role of Prospective Activity-Centered vs. 

Textbook-Centered Elem^ntrary Science Teachers Correlated with 16 
Personality Factors and Critical Thinking Abilities." Dlliaertatlon 
V Abstracts , Vol. 34:5, p. 2415A, 1973. 

272. Thlel, Robert Patrlci. "An Investigation to Develop a Probabilistic 

Equation of Performance in Relation to the Factora that Affect-.the* 
Use of the Sclience Process Skill of Prediction by Elementary School 
Children." Dlsi^rtatlon Abstracts, Vol. 34:4, p. 1503AvlL973. 



«5 




1^ ^ 



83 

273 . Tholl^Rirathil , George C. "Analysis and Evaluation of Science ^Teaching in 
the Nigerian Secondary Schools." Bid sertation Abstracts, Vol. 34:1, 
p. 126A, l3^73. ~ 

274. Thomas, Ian D. "The Effective Utilization of an Instructional Film in a^/ 

Learning Sequence." Australian Science Teachers Journal . Vol^ 19,'# 
No. Ij p. 79-a4, March, 1973. ^- 

275. Thomas, James Arthur. "An Evaluat^ion of the iEffects of Set In^^ction on 

the Academic i^chievement and Academic Self-Concept of College Botany 
Students. Vv D^ssertatioin^^ 34:6,* p. 3184A, 1973. 

276. Tilford, Michafei P. **Toward the J^yelopmeiit. of an Instrument to Measure 

the At:^l,tude Toward Science J>f Negro Students: A Research Report." 
School Science and Mathematics . Vol^.nJB, No. 5, p, 367-p|^ May, 1973. 

27^. Tisher,. R. P., Ed. Research g^72 . Atist^lian Science |d)ication Research 
Association, Clayton, Victoria, Aifstralia, 1972. 

. .vv ED 076 365 131 pp^ 

-fe 

278. Tisher, ^P. and C. N. Power. "Cpngruency with ASEP: A^udy of ^^ctices 

and Values of a Group Teachers and Dip , Eds 4!;^ AustralianyjSMence 
* Teachers Journal . Voli^^l9, No. 3, p, *84--87, Seiptember, ^1973. 

279. Tomera, Audrey N. "The Measurement of the Transfer andv^^etention Abilities 

_of Junior High School Students in i>er^i^;iraidng the Scientific Processes 
of Observation and Comparison." Dissertation AbstractSa Vol. 34:4,. 
^j>. 1731A, 1973. £^ " ■ ji^' M'^^^i^ ' ^iSf^' ' 

.280. Tomlkel, John. Trends in American Geological Education Durdji^f the Critical 
Years. 1954^1969 . Pittsburgh: Allegheny Press, 1972. 

281i ■ Toth, ,,(5j|prge P, "An Instrument for Assessing Elementary Sciencfe^^&rri 
% J|jS>^ects." Paper presented at the annual meeting of the NationaJ;^^ 

""^Siibience Teachers Association, Detroit, Michigan, March, 1973* 
Id 08M^B -^,^^1^ 11 PP- . 

,282. tfaughber, James P. "An Inv^t^^gation of At^^tude^vi^ 

thfe Undergraduate I^repi^fation of.^J^^ology Teacher Disiertitilon 
^tracts. Vol. 33:12^^^ 6699A,'^73. ^ 

283. Trent, Jojm H. "Trends i^Snviro^^ntal Education as Perceived J^y ddlleges 

of Education and Stfate Depafiifients of Education." ScI^xjiRe teacher , 
Vol; 40, No. 8, p. 36-37, November ^ 1973 . X 

■ . .. , _ ■. ^ ^ • 

284. Tyler, Ralph W*. "Research in. Science Teaching in 'a Jptger Gont^i|.*' ^ 

Journal of Regiarch in .^cienc^ifj^achlng j. Vol.lSi, "No. 1, p . *^:iS3,-:l^& , 



285. Ukens, Jfg^^ Lynn!^^^ "ThelRiiLationsSip Ili^ C|f |iai£>3^t^^ 




J^BS, Va^ Alst, Jane Ann. '*The %fects pf Inf 1)^ Teacfcer and Studejif Expec- 

• tat ions on Student Perf ormanc^iilfi TenthviGra^C Sifelence^" Dis^sfertatilbn 

,;r '.: Abstracts , Vol. 34:4. p. 1732A;^l973. ' * 



C 



•r: 



84 



287. Vander W«l, Judson Marc. "The R^Jja^ionships Between Ijiro Methods 

Teaching College Biology In Achievement and Attitude." Dissertation 
^. Abstracts . Vol. 3A:1, p. 215A, 1973. 



^88. Ivanderiicfimldt , Hannelore Falk. **Ev«lu«tion of a C«rdid-Pulmonary 

Resuscitation Curriculum fbg Junior and Senior High School Students." 
% . Dissertation Abstracts . VoL^'lAre, p. 3184A, 1973. 

L289. Vaiman, tjonajS^ "A Rand^%Sjampllng cJf Graduate Students' Critiques of 
a ii^hod oft|&Qstructloii#$lng Docl^oral Dissertation Abstracts In 
% Elementary Science Education." School Science and Mathematics , 

Vol. 73,. No. 3,4|D.J9A-200, March, 1973. 

290. Vermaelen, Chdrie Johnsjtori^^ "A Stu^j^ of Changea In Semantic Meanings of 

Selected Concepts of High Scht^; Students Particl^^ 

Sciences, and Languages orij^ Pas^-Fail BaslSj.." \ plssertatlon Abstracts , 
Vol. 34:3» p. XOi|(A, 1973. , ^ . 

291. Voelker, Alan M. "Upgrading i^icturd Cpmmunlcatlons Research In Science 

Education." :^aper presented at the aijiiu^ meet^iag of ^^he National 

' Association f Researiih In Science TeaS^lng^ Detroitj MlcWL'gan, 

r"' ^^^;.. ■ ■ Iterch,' Ji>73. ■ '-"^ ■ . ; ■ \ . 

: "<^;\ED 079 0^2 _ ■ ■ " - . PP- 

^- 'i?292. Waks, Shlomo. "The De^elO]pment and Testing of an I-riatructional Model for 
Laboratory Expieyiments on Electronic Circuits in College-Level , 
. frK? Engineering." I>issertatlOn Abatracts , %1. 34:3, p. 1150A, 1973^ 

, ■ ' ' ■ • ' y'i- ■ ' ■ ■ . 

293. Waldsteln, Morris. "The Relati'cinship Between the Ability tq Apply Certain 
% ot the Principles of Dynamics to New Situations and the Discrepiancy 

l^asured between IJlgh Schooii^le Students' Cojacept of Self and Their 
Ideal Self Disaertation Al^jbtracts , Vol. 3Ar2, p. 636A, 1973. 

^2194. Walkgf, Jess6 Glenfa. "Instructional Diffieijltles of Beginning Junior High 
f,-^ V ^School Science Teachers in Atjcan&as, 1972-73." Dissertation AbstractsV 
Vol. 34:5i p. 2:416A, 1973. V r ^ 

^. , ■ 

295. ^i3toll, Charles k<^t "A^ilevlew of Research Related to Astronomy Education." 
vr^-^ School SciMce «bd Mathematicsf V Vol. 73, No. 8, p. 653-669, November, 

296. Wail, Ch<93rles aild Mtisa Y. Qutubl • "Professional Growth b'f Earth Science 
y Teaciiers ip^^JJiscon^ln." Science Activities , .Vol, 8, No- 5, p. 34-35, 

, January, 1973.- >t • / '". J' 

, 297. ^Miat Northern Ireland Pupils Think of SCfiP." Education in Science , No. 
^ 55, i?. 24-27, Noveirf>er, 1973. * p 

.298, Wlfeon, John T. '^^^'An Investigation into the Effects of Generating Hunches 

Uppia Subsequent Search" Activities in l>roblem Solving •Situations/.' ^ ^ 
S'^^ Paper preffelnited.,,at the anni^al meetlnj^ of the National Association, for 
Researdffiln Scl^ce Teaching, Detroit, Michigan, March, ^1^^ 
V ED 079 064 . ' \ '9 pp. 

299. Wolff, Kathryn Ebbersol. "The Characteristics and Uses of 'CHIMP*: A New 
Co&^uter-Assisted Inslpiction Language." Dissertation Abstracts , ^ 
'-"'■^4.H Vol. 34:6, p, 3l85A^l973. ^ 



ERJC ^ 



85 



300. 



301. 



302 1 



303. 



304. 



305. 



306. 



307. 



Wolf 0on, Morton L. "A Cbnsldqratlon of Dlrect-^d Indirect Teaching 
Styles with Respect to Achievement and Retention of Learning In 
Science Classes." * Journal of Reaeargh In S<il^c^ Tejl<ihlng » Vol. 10, 
No. 4, p. 285-290, 1973. 



-r 



Wood, Elizabeth A. "Using the Results from the National Assessment of 
Educational Progress - A Macroproject Pretest for Teachers." 
Physics Teacher . Vol. U, No. 3, p. 151-153, March, 1973. 

Wood, Elizabeth A. "Alternatives to National Aaaessment Exercises - 

A Microproject." Physics Teacher . Vol. 11; No. 3, p. 154-159, March, 
1973. . . / 

Wright, James jKrtls. ^"Evaluation ot an Indlvlduali^zed Earth Science 
• Course Detlgned for College Non-Sdence Majors." Dissertation 
Abstracts . Vol. 33:12, p. §750A, 1973. ' 

Yao, Katherlne Yorlc-blng. "The Development of Science and Technical 
Education In China: The Soviet Phase, 1949-1957." Dissertation 
Abstracts . Vol. 34:2, p. 522A, 1973. 

Yeoh, Oon Chye. ."An Exploratory Study of the Effect of the C)jias-Teacher *s 
' Behlcvlor Associated with Televised Science Instruction." University . 
Microfilms, Jaxa Arbor, Michigan, 1973. 

Youngpeter,;sJohn VL. "Science f&isexnns and Elementary Teacher. Education: * 
Organizing^ and Implementing Programs In Natural Sciences." Disserta- 
tion Abstracts . Vol. 34:1, p. 205A, ^1973. 

Yost, Michael. "Similarity of Science Textbojdks: A Content Analysis." 

Journal of Research in Science Tea:chlnR , Vol. lO^^Tlo. 4, p. 317-322, 
1973. . / . ^ ■ . 



i 



<£Z7 



